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1. Introduction

FRANC3D is a program that inserts cracks or voids in pre-existing finite element (FE) meshes.
This manual describes the components of the graphical user interface (GUI) of the program,
specifically for Version 9. It also includes underlying concepts and theory where appropriate;
the User’s Guide provides more details on concepts, and the (future) Theory Reference will
provide more details on theory. A separate FRANC3D Command Language & Python
Extensions reference provides a listing of all the commands to run in batch-mode along with the
corresponding Python functions and a description of the Python user-crack-growth capabilities.

There are four FRANC3D Tutorial documents that describe the program usage when combined
with the three supported commercial FE codes: ANSYS, ABAQUS and NASTRAN. There are
preliminary Tutorials for each of the three analysis codes to describe the interface between
FRANC3D and the analysis codes. A more generic Tutorial#2-14 document describes additional
example simulations.

There is also a FRANC3D Benchmark document that describes crack configurations for which
there are analytical or handbook solutions for stress intensity factors (SIFs), and the FRANC3D
SIFs are compared to these values.

To get started using FRANC3D, one can choose one of the preliminary Tutorials and follow the
steps. You can consult this Reference document for more details at any of the steps in the
tutorial. You should also try to reproduce the Benchmark models or choose your own models for
validation.

In this document, menu buttons, dialog or wizard panel titles, and buttons on these panels are
indicated by bold text. Fields, labels and selectable options inside the dialog or wizard panels
are indicated by underlined text. Model and file names will be indicated by ifalic text.

2. General and 3D View Manipulation

An image of the main FRANC3D window is shown in Fig 2.0.1. Most of the window consists of
a 3D graphics space that 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 positive z direction. The distance from the viewer to
the model is set so that the full model is visible.

The 3D view is changed by moving the mouse in the graphics window with the appropriate
combination of mouse buttons and keyboard keys. There are five basic functions 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 using the 3D View tab in the
Preferences dialog box (see Section 5.2.4).
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Figure 2.0.1 FRANC3D main window.

The view functions are (using the 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 below). The center of rotation can be
changed, Fig 2.0.2, using the Ctrl key and left mouse button (or with the Recenter button).

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 are two distinct types of motion
activated by the same mouse key. If the mouse is moved up or down, it will appear as if the
viewer is getting closer or farther, respectively, from the model. If the mouse is moved left or
right, the model rotates about an axis that is perpendicular to the plane of the screen and passes
through the horizontal and vertical centers of the window.

10



Recenter
Point

Figure 2.0.2 Recenter.

Front Clip (center mouse button or wheel plus shift key): A cutting (or clipping) plane can be
moved parallel to the screen from the viewer toward the model. This can be used to clip away
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 be used to clip away parts of the
model that might 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.

2.1 View Controls

The view controls box, along the right-hand side of the FRANC3D main window, provides
additional options for manipulating the view of the model, Fig 2.1.1.
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Figure 2.1.1 View controls side panel.

41

Graphical Element Toggles: Graphics in 3D display windows consist of a combination of
markers, vectors, polygons, and text. The toggles in this box will turn these items on or off
independently. The surface mesh, crack fronts and templates can be turned on or off as well.

Named camera positions: The list of named camera positions is displayed in the list box. There
should always be a reset view provided as the default (d) view. A crack view will be saved
automatically after a crack is inserted. User-named camera positions can be Saved to a file and
Read from a file.

Preset Controls: These preset camera position icons 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
between perspective and orthographic.

View Options: This button displays the dialog in Fig 2.1.2. In this dialog, the Show Axes turns
the Cartesian axes display on or off. The Different Front/Back Colors turns the front/back
coloring on or off. By default, the front and back sides of surfaces are shaded differently. This
toggle is useful when looking at the crack surface, where the two surfaces coincide. The Set
Speed sliders allow one to control rotation, translation, zoom, and spin speeds independently.
The Cutting Planes option allows 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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Figure 2.1.2 View Options dialog.

Recenter: This button displays the Set Rotation Center dialog, Fig 2.1.3. One can specify the
center of rotation interactively, using the dialog in Fig 2.1.4; click the Recenter button to display
this dialog.

A node ID or Cartesian coordinates can be specified. The Ctrl-key and left-mouse button is the
quickest way to set the rotation center.

In the Setcenter View dialog, Fig 2.1.4. The center of rotation is set by dragging the red boxes

left or right and up or down. The new center of rotation is the intersection of the corresponding
three lines.
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Capture: This button displays the Save File As dialog, Fig 2.1.5. The current view of the

model is captured and saved to a file. Either a .png or .jpg file can be saved.

Save File As

=11 F3D_v71_models
=[] BenchMarks
& (] AnisotropicThickPlateShear
2] ] AnisotropicThickPlateTension
&[] CenterThruCrackPlate
& (] CornerCrackBar
=] CornerCrackHolePlate
(1 Abaqus
=
# 1 EdgeCrackPlate
= ] InteriorEllipse
2] OffsetHolePlate
&[] Sneddon
=[] SurfaceHalPenny
® ] gear
B0 test_cube_wb
[71 ha32

Za = [C1Ansys *| Mew Directory
Directories X [ | Files in CAbruce\ansys\F3D_v71_models\BenchMarks\CornerCrackHolePlatelAnsys
= Ci JE [
= ] Autodesk
= bruce
=[] ansys
=] BMCBaS

File name I

File type: |Dng 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 a box-zoom, to take measurements on the
model surface, and to define front and back clipping planes.

Figure 2.1.6 Bottom row of icons: box-zoom, measurements, and clipping planes.

Box Zoom: This allows one to zoom-in on a portion of the model by dragging a box, Fig 2.1.7.
Press the Box Zoom button and then, using the left mouse button, click and hold, then drag the

D—Rl"""'l@l

mouse to create the box, and then release the mouse button.
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Zoom box

Figure 2.1.7 Box zoom used to zoom-in on a portion of the model.

Measurements: This 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 2.1.8. Using the
left mouse button, click on the model surface to view the coordinates; click and hold and then
drag the mouse to obtain the distance between two points on the model surface.

Measurement

_ 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 the Clipping 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.

Clipping view

Display

™ Markers
¥ Vectors
¥ Polygons
¥ Text

Figure 2.1.9 Clipping view dialog.

2.2 OpenGL Version

Cancel | Accept |

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

Display Information

using OpenGL version 1.1

7

FRAMNC3D
Version 9.1.0

Display

¥ Markers
¥ Vectors
¥ Palygons
¥ Text

Figure 2.2.1 OpenGL display info.
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3. Menus

A summary of the menus, from the menu bar shown in Fig 2.0.1, is provided here. In general,
selecting a menu item leads to a wizard or dialog.

The Help menu is described here, while all other menu options are described in more detail in
Sections 4 through 14.

3.1 Help

The Help menu, Fig 3.1.1, is on the far-right side of the menu bar and has options for accessing
the FRANC3D documentation either locally, if installed, or on-line from FAC’s web site
(http:\\www.fracanalysis.com/software.html). The appropriate documentation will be displayed
in a web browser if the files have been installed locally and the file path set. If the file path has
not been set, the user is presented with a dialog box, Fig 3.1.2, and the appropriate .pdf file can
be selected. Alternatively, if the FRANC3D Website menu option is selected, FAC’s web site is
accessed, and the appropriate documentation can be selected there.

| Help

_ Reference F1
Commands/Python
Tutorial for ANSYS Users
Tutorial for ABAQUS Users
Tutorial for NASTRAN Users
Tutorials #2-15
Benchmark Examples
User's Guide

¢ FRANC3D Website

I License Status

About._.

Figure 3.1.1 Help Menu.
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Please locate: FRANC3D V8.5 Reference.pdf

& & I[:I v8_docs j
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=21 music
e
=3
& ] www
= EN

& Fa

= G\
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FRAMNC3D V8.5 Reference. pdf|

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

The second last menu item displays the License Status dialog, Fig 3.1.3, which shows the
current license expiration.

License Status

FRANC3D Version 9.1.0

License expires in 178 days
on 31-dec-2026

Close |

Figure 3.1.3 License status dialog box.

3.1.2 About Dialog
The last menu item displays the About 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 help, support, and contributions of our users.
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FRANC3D Version 9.1.0

FRANC3D Version 9.1.0

Build number: 944
Revision date: Thu Jul 02 11:29:28 2026

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

Partial funding provided by
Air Force Research Laboratory
ATK/Thiokol Propulsion
MASA Marshal Space Flight Center
MNaval Air Warfare Center

This software uses the FOX Toolkit Librany
(http:/hwww fox-toolkitorg)

Copyright (c) 2005-2025

Fracture Analysis Consultants, Inc.

Close |

Figure 3.1.4 FRANC3D About dialog box.

3.2 File

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

File Edit Cracks

Qpen... CH-O
Waork Directory...
Close

Import

Export

Read Resulis...
Playback...

CQuit Ct-2

Fig 3.2.1 File Menu.

Open ... - Displays an Open File dialog box that allows a user to read a FRANC3D restart file;
see Section 4.1.



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

Close - Closes the current model so that a new model can be read or imported; see Section 4.3.

SaveAs ... - Displays a Save File As dialog box, which allows a user to save the current model to
a FRANCS3D restart file; see Section 4.4.

Import ... — Allows a user to import an uncracked FE model file. The file types that can be read
include: .cdb, .inp, .bdf. The .cdb files are ANSYS database files in ASCII format. The .inp
files are ABAQUS input files. The .bdf (or .nas) files are NASTRAN database files; see Section
4.5.

Export ... — Allows a user to export a FE model file. ANSYS .cdb, ABAQUS .inp and
NASTRAN .bdf file formats can be written; see Section 4.6.

Read Results ... - Invokes the Read Results File dialog; see Section 4.7.

Playback ... - Invokes the Playback Session File dialog, which allows a user to read in a session
log file and reproduce the commands in that file; see Section 4.8.

Quit - Closes the model and exits the program; see Section 4.9.

3.3 Edit

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

File | Edit Cracks Loads

LInit Conversian...

Preferences...

Figure 3.3.1 Edit Menu.
Unit Conversion... - Invokes the Model Units dialog box; see Section 5.1.

Preferences... - Invokes the Preferences dialog box; see Section 5.2.

3.4 Cracks

The Cracks 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 the New Flaw wizard; see Section 6.1.

Flaw From Files ... - Invokes the Locate Flaw File dialog, described in Section 6.2, followed by
a subset of the New Flaw wizard. This option allows a user to select a flaw description from a
file, or from multiple files, and insert it into the current model. Note that one cannot insert a
crack into an already-cracked model.

Multiple Flaw Insert ... Invokes the Multiple Flaw wizard; see Section 6.3.

Compute SIF's ... - Invokes the Compute SIF's wizard; see Section 6.4. Note that
displacements from a completed analysis must be available for this option to be enabled.

Grow Crack ... - Invokes the Crack Growth wizard; see Section 6.5. Note that displacements
from a completed analysis must be available for this option to be enabled.

Read Crack Growth ... - Invokes the Read Crack Growth wizard; see Section 6.6.
Grow/Merge Cracks ... - Invokes the Crack Growth/Merge wizard; see Section 6.7.
Edit Crack Geometry ... - Invokes the Edit Crack Geometry dialog; see Section 6.8.
SIFs Along a Path ... - Invokes the SIFs Along a Path dialog; see Section 6.9.

SIFs For All Fronts... - Invokes the SIFs For All Fronts dialog; see Section 6.10.

Js For All Rings... - Invokes the Js For All Rings dialog; see Section 6.11.
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3.5 Loads

The Loads menu is shown in Fig 3.5.1. Each of the menu items is listed below.

Loads Analysis Fatigue Fretting
" Crack Face Pressure/Traction...
View Boundary Conditions. ..
Plot CFT Stress File. ..

Figure 3.5.1 Loads Menu.
Crack Face Pressure/Traction ... - Invokes the Crack-Face Tractions dialog; see Section 7.1.

View Boundary Conditions ... - Invokes the View Boundary Conditions dialog; see Section
7.2.

Plot CFT Stress File ... — Displays mesh-based crack face tractions; see Section 7.3.

3.6 Analysis

The Analysis menu is shown in Fig 3.6.1. Each of the menu items is listed below.

Analysis Fatigue  Fretting

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

Figure 3.6.1 Analysis Menu.
Static Crack Analysis ... - Invokes the Static Crack Analysis wizard; see Section 8.1.

Crack Growth Analysis ... — Invokes the Crack Growth Analysis wizard; see Section 8.2.

3.7 Fatigue

The Fatigue menu is shown in Fig 3.7.1. Each of the menu items is listed below.
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Fatigue Fretting Display Advance
' Fatigue Life Predictions... i
View/Edit Growth Parameters__

Crack Front Fatigue Values...
Fatigue Values Along a Path.__

Growth Rate File__.

Figure 3.7.1 Fatigue Menu.

Fatigue Life Predictions ... - Invokes the Fatigue Life dialog; see Section 9.2.

View/Edit Growth Parameters ... — Allows one to open a growth parameters file and then edit it;
see Section 9.3.

Crack Front Fatigue Values ... — Displays a plot of the crack growth data; see Section 9.4.

Fatigue Values Along a Path ... — Displays a plot of the crack growth data along a path; see
Section 9.5.

Growth Rate File ... — see Section 9.6.

3.8 Fretting

The Fretting menu is shown in Fig 3.8.1. Each of the menu items is listed below. Note 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 3.8.1 Fretting Menu.

Read Model and Results ... - Invokes the Fretting Model Import wizard; see Section 10.1.
Import Nucleation Data ... - Invokes the Fretting Data Import wizard; see Section 10.2.

Fretting Crack Nucleation ... - Invokes the Fretting Crack Nucleation wizard; see Section
10.3.
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Region Color ... - Invokes the Region Color dialog; see Section 10.4.

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

View Response...
Create Animation...

Figure 3.9.1 Display Menu.
View Response ... - Invokes the View Response dialog; see Section 11.1.

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

3.10 Single Crystal

The Single Crystal menu 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_..

ecaolved 7w Shear rection Ke Along 3 Path

View Crystal Orientations...

Figure 3.10.1 Single Crystal Menu.

Resolved Slip System Ks... - Invokes the Resolved SIF'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 Path... - see Section 12.2.

Resolved Max Shear Direction Ks... - see Section 12.3.
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Resolved Max Shear Direction Ks Along a Path... - see Section 12.4.

View Crystal Orientations... - Invokes the Crystal Orientations dialog; see Section 12.5.

3.11 Electrical

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

Electrical Advanced

Figure 3.11.1 Electrical Menu.

Electrostatic Energy Release Rates... - see Section 13.1.

3.12 Advanced

The Advanced menu is shown in Fig 3.12.1. Each of the menu items is listed below.

Advanced

' Edges Wizard...
Display COD Data. ..
Write Template Data...
WViewWrite Growth History.__.
Merge Growth History Files...
Read User Extensions...
Edit Retained Nodes. ..

Contour Integral Data._

Figure 3.12.1 Advanced Menu.

Edges Wizard ... - Invokes the Edge Extraction wizard; see Section 14.1.
Display COD Data ... - Invokes the Display COD Data dialog; see Section 14.2.

Write Template Data ... - Invokes the Write Template Data dialog; see Section 14.3.
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View/Write Growth History ... - Invokes the View/Write Growth History dialog; see Section
14.4.

Merge Growth History Files ... - Invokes the Merge Growth History Files dialog; see Section

14.5.
Read User Extensions ... - Invokes the Read User Extensions wizard; see Section 14.6.
Edit Retained Nodes ... — Invokes the Edit Retained Nodes dialog; see Section 14.7.

Contour Integral Data ... — Invokes the Contour Integral Data dialog; see Section 14.8.

4. File Menu Wizards and Dialog Boxes
The wizards and dialog boxes for the File menu options are described in this section.

4.1 Open...Ctrl-O

The File —Open menu option allows the user to read a FRANC3D restart file, with .fdb
extension. The Restart File dialog allows one to select a .fdb file, Fig 4.1.1.

Restart file

<:3 * I[:I crack_nonplanar j

Directories xl Files in D:\tmp\EditCrackTests\crack_nonplanar
= C\ @.
=0 [ rorpanar i
[ cfg [1 nonplanar_STEP_004.fdb
& ] consulting
1 data
21 fac
21 movies
21 music
1 tmp
(21 v8_docs
2 www
= E:\
& F
=) G\
=V

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

Cancel | Accept |
Figure 4.1.1 Model File dialog box.
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4.1.1 FRANC3D Restart (.fdb) Files

FRANC3D reads the contents of the .fdb file along with reading any files that are referenced
inside it. The .fdb file is organized in blocks, with each block having a title and version number.
The blocks and their content are summarized here:

F3D V8.7 (

Uncracked FE file name, type, and retained data.

)

HISTORY SUMMARY (

Summary of the crack step file names.

)

STATICMETA (

Analysis type and input 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 saved to a .crk file.
)

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 parameters.

)

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.

)
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UNITS (
Model units for length, stress, and temperature.

)
SUBMODEL NODE_MAP (

Node id mapping between .fdb and FE model input.

)
SUBMODEL _ELEM_MAP (

Element id mapping between .fdb and FE model input.

)
RETAINED_NODES (

List of retained node IDs.

)
SAVED_VIEWS {

List of saved camera positions.

}

FRANC3D attempts to read all the files referenced in the .fdb file. If a file is missing, the user is
prompted to locate that file, Fig 4.1.2. Note that FRANC3D needs to access the original
uncracked FE model files as well as files associated with the current crack growth step.

B Locate the file test.cdb &J

Directory:l[j ansys_cube j o P 4 coFle

4. [ test_STEP_005.cdb
1 full_scube [] test_STEP_006.cdb
CJloadsteps [ test_sSTEP_007.cdb
D small_cube_cutout.cdb
[ small_cube_outer.cdb

test_.cdb
[ test_STEP_001.cdb

test_STEF_002.cdb
[ test_STEP_003.cdb
[ test_STEP_004.cdb

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

Figure 4.1.2 Locate File dialog box for finding missing files.

4.2 Work Directory

The File = Work Directory menu item allows the user to set a current working directory to save
subsequent analysis files. The dialog, Fig 4.2.1, allows one to select the desired folder; press
Accept once the folder is highlighted. This 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 Directory dialog box for setting the current directory.

4.3 Close

The File —Close menu item closes the current model without quitting FRANC3D. If a model is
open and has not been saved, the Save Model Warning dialog, Fig 4.3.1, is displayed. If the
user wishes to save the model, the Cancel button can be selected. Selecting the OK button will

close the model without saving.

Save Model Warning

= Model has not been saved.

Select OK to Close.

Cancel

Figure 4.3.1 Save Model Warning dialog.
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4.4 Save As...

The File —Save As menu item can be used to save the FRANC3D restart (fdb) file of a cracked
model if the user does not want to perform an immediate analysis of the model. In addition to
the .fdb file, an FE analysis file will be saved; the FE file type will be the same as the original
input file type. The user is prompted to enter the .fdb file name, Fig 4.4.1, and press Accept.

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 |

Figure 4.4.1 Save File As dialog.

Note that the files saved with the Save As option can differ from the files saved with the Static
Crack Analysis and Crack Growth Analysis options (see Section 8). The Save As option does
not write the merged local-cracked + global FE file.

4.5 Import...

The File —Import menu item is used to import uncracked FE models into FRANC3D. The
dialog shown in Fig 4.5.1 is presented. The user can choose: 1) import a complete model into
FRANC3D, 2) import and divide so that FRANC3D works on a local submodel, or 3) import an

already divided model. Depending on the radio button that is chosen, different dialogs will be
displayed next.
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Select Type of Import

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 | Back | Mext

Figure 4.5.1 Select Model Import Type dialog.

4.5.1 Import a Complete Model

The dialog shown in Fig 4.5.2 is displayed. The user chooses the FE model type: ANSYS,
ABAQUS or NASTRAN using the radio button at the top. If ANSYS is chosen, the user can
also check the Extra load files box, if ANSYS load step files (.s##) are to be imported as well.

If the ANSYS Extra load files box is checked, the dialog shown in Fig 4.5.3 is displayed. The
user can select one or more .s## files. Use the Shift 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

21 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)

|

Figure 4.5.2 Select Model to Import dialog.

Gancal |

pack | e |
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Select Extra Load Files

Extra Load Files
& = Im 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
1 Denso [ sum_no_cfe sif
1 Ensco [ sum_with_cfe.sif
B[] FaD_test_suite
(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
L= -
E—
File name: IAnsy’s_Cuhe 502 Ansys_Cube 503 File type: IA\NSYS (*.5**.5%) j

Cancel | Back I Next |

Figure 4.5.3 Select ANSYS Extra load step files dialog.

Once the FE model file has been selected, the Select Retained BC Surfaces dialog is displayed,
Fig 4.5.4. Any surface that has boundary conditions will be highlighted in blue. These surfaces
can be selected using Select all, and the blue surfaces will become red. Other node sets, element
surface sets and surfaces can also be selected.

Note that cracks cannot be inserted into or propagated into a surface mesh that has been retained.
If a surface has boundary conditions 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. For surfaces without cracks, it is more efficient and more exact to retain the mesh so
that boundary conditions are transferred directly.

The lower left section of the dialog has some additional display options. The Transparent check
box makes the surfaces slightly transparent so that you can see into and through the model. The
cut-surfaces are colored green by default; this can be turned off using the Global/Local cut
surfaces checkbox. The FE mesh can be displayed using the Mesh overlay checkbox.
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Select Retained BC Surfaces

= BCs Display
=l Displacements ¥ Markers
Bl Node sets W Vectors
~Odisp_3 ¥ Polygons
~Mdisp_2 I Text
+ Odisp_1
-l Pressures (reset) (d)
& Surf sets
 Mpress_0
= Select all
! Unselect all Save | Read
i Ll
R L
View options
Recenter
Capture image
S
Display options
™ Transparent ;
¥ Global/Local cut surfaces
™ Mesh overlay X
Edges:  bold ¢ subtle
Cancel | Back Next

Shift+Click to select sufaces

Figure 4.5.4 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 4.5.2. Once the model file has been selected, the Submodel dialog is displayed,
Fig 4.5.5. There are options for selecting a portion or portions of the model, and these are
described in the subsections below. Once a submodel is defined and cropped, press Next, which
leads to the Select Retained BC Surfaces dialog (see Fig 4.5.5), if the submodel has boundary

conditions or sets/surfaces.
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Define a Local Submodel

Cropping Options Display
¢ [0 c i ¥ Markers
Retain if. & One Node In ( All Modes In e
v
" Relative to a principal plane " _’I:_’DJ‘:QD”S
&
( & [
™ Mesh
0 I Fronts
" Plane normal and offset I™ Template
(reset) (d)
[ of o o
0| Sokul
" Plane from three points Save | Read
seteet] 7 2. setect| 1 3 et BRBo
" Rubberband Box e ]
o < View options
& Element-by-element  Select | Unselect Recenter
E J Capture image
g = e
" Retained From File
Crop Reference Point
WV Show elems ™ Show outline
—

Cancel Back | Next

Figure 4.5.5 Define a Local Submodel dialog.

4.5.2.1 Cropping Selection Options

The first setting in the Cropping Options allows one to specify which ‘side’ of the selection plane
or box is selected. The top row of radio buttons in Fig 4.5.6 lets one choose the ‘left’ or ‘right’
side (Fig 4.5.7); this is straightforward to describe when using the planar options below, but it
also applies to the other options. For instance, when using the Rubberband Box, the selection
will be either inside or outside of the rubberband box depending on which radio button is

selected.

The second row of radio buttons allows one to select elements with either one or all nodes of the
element collected. Fig 4.5.8 shows a case where the cutting plane is half-way through the
elements; choosing the first option includes these cut-elements, while choosing the second option

discards the elements that are cut.

Note that selected elements are colored red.

Cropping Options
¢ 0 c

Retain if & One ModeIn ¢ All Modes In

Figure 4.5.6 Cropping Options selection options dialog.
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Define a Laca! Submodel

Define a Local Submodel

Cropping Options.

Cropping Options
cmem  Markers cgFm  Markses
Retain i & One Node In Al Nodes in F Vectors Retamf. & Ona Noda In (Al Nodes In  Vectors
Frio: e EPormmn || | et s e £ o
Chern 4 s P
Ofed 5 S| I Fronts Ofiset 5 Select| e
€ Plane normal and offset I Template € Plane normal and offset ™ Tomplate
(reset) (d) (reset) (d)
) [l 0 [l 0 ] 0
P b e s S e[| € Pt pores Sam | Ruzd
WSO e | T G L2 S BRd ol
€ Rubberband Box A Lok © Rubbarband QE%3
# Rectngutar € Chcter, B View options ’ r e View options
€ Element-by-element L lec Recenter © Elament-ty-slemant 1y i Re
R || | € s Costor |
s o lem| | Ll Cfw|®
 Rusond From Flo 51  Rsiond i Lo
Gop| o] 1| Reeence o] rop] 100 i | Retvnce o]
F Show slems ™ Show outline ¥ Show elems I Show outline
o L ]
Concel | _gack Soncel | _puck
. . c , - , .
Figure 4.5.7 Selection based on ‘left” and ‘right’ selection.
s e
Cropping Options. Display Croppung Opbons.
——  Markers cmem ¥ Macrs
Retaint.  One Node In C Al Nodes In P Vactors Retainit ¢ One Node In & Al Nodes In :‘““"
 Relatie to s pncipal lane. z:”""‘"‘ @ Relsthe to a pincipsl plane F:"”""
Sl 4] cxvevicn F
Offset. 5 Select] T Fronts Offzet 5 Select] T Fronts
C Plane normal and offset ™ Template © Plane normal and offset I Temglate
(reset) (d) ireset) {d)
Mormal 0 0 [} ¥ 0 [] 0
© Plane from three points Sere| R € Plane ¥om thre ports. Swve | s
i - 5 s BRD ) (L - Lali La il
 Rusbobondox DRBS| | Aot IO
¢ Recmg € i, o] T # st € Gl Oetoe] View egons
rmmwmm_‘;] T '5"“""“'"'""‘.__| T
€ By Matenial Gefect Capture image| e . — o L
P = Cfealm] | O |
€ Retained From File  Ratamed From File.
Gop| ] 1| Reence o] oop] 100 2| Retornce ]
F Show slems ™ Show outline F Show elems [ Show outine
I sn seam and shef s for reference r
gl | _goek |[hea | _gomeei | _pocx | 1von ]

Figure 4.5.8 Selection based on Retain if: ‘one node in’ and ‘all nodes in’ selection.

4.5.2.2 Relative to a principal plane

The first crop-type allows one to define a plane that is aligned with the Cartesian axes, Fig 4.5.9.
The plane can be offset from the origin, and the elements on either the ‘left’ or ‘right’ side of the
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 to the defaults, which means left-side selection and one-node-in, Fig 4.5.10.

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

Offset I 45 Selec:tl

Figure 4.5.9 Relative to principal plane cropping option.
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u
Cropping Options Display
cmcm F Markers
Retain if: & One Node In © All Nodes in zvm
@ Relative to a principal plane p:::wm
CXYGEYZICN  Mesh
Offsat 5 Select Few
€ Plane normal and ofiset I™ Template
." (reset) (d)
i 3| 0 0 0 “’
|2 f
€ Plane from three paints. ‘; T
AN B i eabo
 Rubberband Box ’: ARBD
A € Cictter D] View options.
€ Eloment by-element Raconter
Cyln — Capturs iage
€ ByE p | S A
€ Retained From File —*l—|—|
Crop| ] 120 Reference Point]
F Show slems ™ Show outline
o y
oo | o

Figure 4.5.10 Selection based on offset YZ principal plane and left-side selection.

4.5.2.3 Plane normal and offset

The second crop-type allows one to define a plane that is normal to the unit vector defined by the
X, y and z coordiantes, Fig 4.5.11. The plane can be offset from the origin. Fig 4.5.12 shows a
plane that is normal to the vector (1,0,0), which is the same as the YZ principal plane in Section

4.5.2.2.

¥ Plane normal and offset
X Y £z
Normal:l 1 | 0 I 0

Offset: | 49 Seleu::tl

Figure 4.5.11 Plane normal and offset cropping option.

Define a Local Submodel

Cropping Options Display
e mcig F Markers
Retain it C One Node In & All Nodes In F Vectors
€ Relative 10 a principal plane g :::wm
c CYLE F i
oot ,—5 ) I” Fronts.
& Plane normal and offset <A I” Template
X Y z -..” (reset) (d)
Nomal L2 73
i deg
27
€ Plana from three points .-"i......:’;"”” T
] A T ;{i i BRRa
€ Rubberband Box ‘ ] QAR
s € Ciufar. D] f View options
€ Element.by-element i ” i
s = y O @
€ Retained From File
G| o] | Relotonce Pont
7 Show elems I Show outlin y
r ; ! for :
)\X
Cancel Back HNext

Figure 4.5.12 Selection based on a plane normal and offset.
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4.5.2.4 Plane from three points

The third crop-type allows one to define a plane based on the selection of three points, Fig
4.5.13. The user presses the Select button for each point, and then uses the (cross) cursor to pick
the point; three points of a triangle define the plane. Fig 4.5.14 shows the second (blue) point
that was selected here. Fig 4.5.15 shows the resulting plane that was created by picking 3 points
at x=5 coordinates; this is 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 4.5.13 Plane from three points cropping option.

Figure 4.5.14 Second (blue) selected point used to define a plane.

Define a Local Submodel

Cropping Otions
¢ [0 c M ¥ Markers
Retain if: & One Node I © All Nodes In F Vectors
s F:f\at‘\im ct‘o ‘a’\-pr\cr‘\c\-pa\ plane g::gg"”s
XY &IYZ €12 St
Offset 5 [Select ,—F:;ﬁ
€ Plane normal and offset | I Template
N iy . . o e
e ] W] P |
- : L e o i (|
Oficets [T08 | [Select ..',,:........’"M’
@ F e s -. ..’”M]’! o
Point 1: Select|[T 2 Select| M 3: Select| """"l’ BRADE|
© Rubberband Box ’”’""" DEE®
) Rectangular € Gircular Define ’”"”’" View options
€ Element-by-element Select | Unselect " / Recenter
€ By Mate Select ”' Capture image
€ By Elem Select [
e et
Grop| e ecio| Reference Point
¥ Show elems [ Show outline /
I=|Showbeam and shell elements for reference: J_\
X

Cancel Back

Figure 4.5.15 Selection based on a plane from three points.

4.5.2.5 Rubberband box

The fourth crop-type allows one to define a box or cylinder, Fig 4.5.16. The user selects the
Rectangular or Circular radio button, presses the Define button, and then uses the left-mouse

38



button to drag the outline of a box or cylinder on the screen, Fig 4.5.17; the right-side image in
Fig 4.5.17 is rotated to show the box.

* Rubberband Box
i Rectangular ¢ Circular Deﬁnel

Figure 4.5.16 Rubberband box cropping option.

Defne Locl Submagel a Submodel
Cropping Opions Display Cropping Opions
cme ¥ Markers Fmcm  Markaes
Retain . © One Node I © Al edes n P Vaciors Retain i = One Node In C Al Nodes In ¥ Vectors
© Rttt to 3 princips pane Al € Relstre 10 3 pincipa plns Ao
e e
5 I Froms 5 I Fromts
 Flane ol and oflsst ] T Templaie € Prans norm and ofset I Tempiate
(reset) €] rese) (@
[ o[ =@ | [ i o[ o
U 8 |Sete B sauc]
 Flane fom tree pants T € Plsne bom three ports TRy
Fdl = el = il I BRBA P RO Bado
 Ruiberband Box DEBB| | ©RusbetendBox SEE D)
& Rectangular  Ciculan Defne = & Rectangular  Circular Defie| o egion
= e— 1 = © Bement - lement ——
c Seten] Coptue o] © [0 [
w el s A Lol £ [
€ Retained From Fila el © Retained From Fle Elew]
Grop Reference Painl crop| Referonce Pant]
¥ Show elems [ Show autine y ¥ Show slems I~ Shom cutine
o . r |
S
Gncel ook [ Hen | Goncel sk [ en

Figure 4.5.17 Selection based on a rectangular rubberband box.

4.5.2.6 Element by element

The fifth crop-type allows one to select (or unselect) individual elements, Fig 4.5.18. The user
presses the Select button and then uses the left-mouse button to select elements one at a time,
Fig 4.5.19. The default is to have all elements pre-selected and the Select button actually turns
off the selection, while the Unselect button re-selects the element.

@+ Element-by-element Select| Unselect

Figure 4.5.18 Element-by-element cropping option.
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Define a Local Submodel

Cropping Options Display
cmem ¥ Markers
Retain if: & One Node In € All Nodes In ¥ Vectors
© Relative to a principal plane g ::)Zgoﬂs
crercs I Mesh
I” Fronts

€ Plane normal and offset
Offset 5 [Seleot

€ Plane from three points

Point 1- Select| M 2: Select| Ml 3- Select| M
 Rubberband Box
oie|

& Rectangular. € Circular. Define
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X

I~ Template

(reset) (d)

Save Read
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Capture image

c [
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Cancel Back

Figure 4.5.19 Selection based on element-by-element picking.

4.5.2.7 By material

The sixth crop-type allows one to select elements based on the material id, Fig 4.5.20. The user
selects the material id # after pressing the Select button. The model in Fig 4.5.21 has two

materials and material 1 is selected.

(* By Material Selectl

Figure 4.5.20 By material id cropping option.

Define a Local Submodel
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Figure 4.5.21 Selection based on material id.
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4.5.2.8 By element group

The seventh crop-type allows one to select elements based on an element group name, Fig
4.5.22. The user selects the label after pressing the Select button. The model in Fig 4.5.23 has

several element groups, one of which has been selected.

For ANSYS, element groups are defined by ‘CMBL’ data in the .cdb file, and for ABAQUS, the
‘ELSET’ data in the .inp file defines the groups.

{* By Element Group

Figure 4.5.22 By element group label cropping option.
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Figure 4.5.23 Selection based on element group label.

4.5.2.9 Retained from file

The final crop-type allows one to select element id’s from a file, Fig 4.5.24. The user presses the
Browse button to display the file selection dialog, Fig 4.5.25. This option is useful for re-
selecting elements that were selected during a previous import. The .zxt file is ASCII and
contains a list of element ids; a range of ids is specified using a dash. Fig 4.5.26 shows the
selected elements that were identified in the .zxt file.

' Retained From File! Elrnwsel

Figure 4.5.24 Retained from file cropping option.
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Retained Elements File
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(1 CenterThruCrackPiate
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[
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| Filename: [ansys_Cube RETAINED_ELEMS it File type: [Text File Files (*tx." TXT) =
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Figure 4.5.25 Retained element id file selection dialog.

Define a Local Submodel

Cropping Options Display
€ ool W Markers
Retain if. & One Node In (" All Hodes In  Vectors
€ Relative to a principal plane "; :‘:ng
- I Mesh
G I Fronts
€ Plane normal and ofiset I Template
a ! 2 (reset) (d)
vere [0 o] @
offeet: [0 |2z
 Plane from three points Save | Read
Point 1+ [Select| | 2- [Select| I 2+ Sefect| ' ©Rna|
€ Rubberband Box L

View options
Recenter
Capture image

=

& Reotangular € Circular| D

——
o

 Element-by-element

By Material
€ By Element Group) | Select
& Retained From File  Browse

Crop| Unco| Fedo| Reference Point
¥ Show elems [~ Show outlin
I~ Show beam and shell eleme:

=

Cancel Back

Figure 4.5.26 Selection based on element ids provided in an ASCII .txt file.

4.5.2.10 Crop, Undo and Redo

The three buttons near the bottom on the left side perform the actual cropping. Once the
selection has been made using one of the options above, the selected elements are cropped by
pressing the Crop button, Fig 4.5.27. The un-selected elements are removed. The user can
Undo or Redo the cropping. Multiple selections and crops can be performed in sequence.
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Cropping Options
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Figure 4.5.27 Crop button pressed to remove the un-selected elements.

4.5.2.11 Reference Point

The Reference Point button, next to the Crop/Undo/Redo buttons, 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. Double-click the (reset)(d) camera
position to reset to the default.

Define a Local Submodel

Cropping Options Display
(R el IV Markers
Retainif. & One Node In © All Nodes In "ZV““)’S
¥ Polygons
£ Relative to a principal plane
e ,p(.. ,P F IV Text
SRR I Mesh
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 Plane normal and offset I Template
X z reset) (d)
Horma 0 0 0
Ofset 0 [Select . ..—“
 Plane from three points i "| Save | Read
Doint 1 [Belact| | 2| Reference Point “ oo Uﬁ’—
11 &
 Rubborband Bos & By Cootdinates: ||‘| RREBD
& Rectangular € Ciroulg ‘ "“ View options
£ Element-by-ele "“ ———
"“‘ Capture image
s i oo ®
& Retained From File  Broy “
Crop| Undo| Redo| Refereng _Gancel | “"
IV Show elems I~ Show outline “

™ Show beam and shell elements for reference

Figure 4.5.28 Reference Point dialog to set the rotation center.

4.5.2.12 Show elems and Show outline

The Show elems option at the bottom turns on or off the display of element edges, Fig 4.5.29.
For some models, with many elements or with very refined meshes, the element edges can
obscure the element selection. Un-checking this box turns off the black element edge coloring,
which should make the red-colored elements more visible. The Show outline option is useful
when selecting interior elements as it shows the exterior outline of the model.
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Figure 4.5.29 Show elems option.

4.5.2.13 Show beam and shell elements for reference

The Show beam and shell elements option at the bottom turns on or off the display of shell or
beam elements, Fig 4.5.30. Shell and beam elements cannot be selected; they automatically are

added to the global portion of the model.
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Figure 4.5.30 Show beam and shell elements option.

4.5.3 Import Already Divided Model

If the user has model files that have already been subdivided, the dialog shown in Fig 4.5.31 is
displayed, which allows the user to select the global and local model files. These can be files
created by FRANC3D (as in Section 4.5.2) or files created by the user using the FE analysis
software. There is no option to select “extra load files”; all load step information must already be

included in the local and global FE files.
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Specify the Files

Mesh File Type
" ANSYS (¥ ABAQUS ¢ NASTRAN

Mesh File Names

Global File: I Browsel
Local File: | Elrowsel

cancal | Back |[ rext

Figure 4.5.31 Select Global and Local files dialog.

4.6 Export...

The File —Export menu item can be used to save the FE model data without saving the
FRANC3D fdb file. The dialog shown in Fig 4.6.1 is presented; the user selects the analysis FE
model type and enters the file name. This option can be used to convert FE model files from one
type to another. FRANC3D passes as much of the original FE data through as possible, thus it
might only be the solid elements and nodes that are converted correctly.

Enter a file name

Mesh File Type
© ANSYS & ABAQUS ¢ NASTRAN I= Merge global and local portions

Mesh File
@ » I[:ITemp j Mew directory

Directories X | Files in E:\Temp
[== Nosi)

= D
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& (] consulting
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® (] fac

# 1 movies

# 1 music
=3 tmp

# (] v8_docs
B 1 www

= EN

= [

& F
= G
=2 KA
== VR

File name: |ANSYS_cube_EXPORT.ind File type: JABAQUS Files (.inp,".INP) =

Qancell Back | Finish |

Figure 4.6.1 Export Model File dialog.
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4.7 Read Results

The File —Read Results menu item invokes the dialog shown in Fig 4.7.1, which allows the
user to choose the analysis results file to be read.

For ANSYS, the results file is a .dtp file, which is created using the FRANC3D generated
ANSYS macros. The .dtp file will contain displacements, temperatures if those are not equal to
the reference temperature and contact pressures on crack surfaces if such exist.

For ABAQUS, the results file will be a .dtp file, which is created using the FRANC3D generated
ABAQUS Python script. The .dfp file will contain displacements, temperatures if those are not
equal to the reference temperature and contact pressures on crack surfaces if such exist.

For NASTRAN, displacement results will be contained in a NASTRAN generated .pch file.
Temperatures and contact pressures are not included in the .pch file. Temperatures are based on
the applied temperatures. Contact pressures are not available, so NASTRAN users should not
rely on M-integral or VCCT SIFs if crack face contact is included in the analysis.

The Do Map Results option is on by default. A user might turn it off if they manually combined
the ANSYS local and global .cdb files in ANSYS WorkBench to run the analysis; this is the only
known use-case for turning off the mapping. FRANC3D stores the node and element ID
mapping for the local cracked mesh in the .fdb file, and the FE analysis results are mapped back
into FRANC3D based on this mapping.

Results File

<a = |C1Abagus -

Directories X | | Files in EX\bruce\F3D_v71_modelsiTutorials\Manu Tutorial G\Abaqus
= c =)

= D D manu_STEP_048_full.dtp

= E
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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 4.7.1 Read results file dialog.
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4.8 Playback....

The File —Playback menu item allows playback of recorded session (log) files. Each time the
FRANC3D program is executed, a session##.log file is saved. This file records the commands
that the user executes using the menus and dialogs. A sample ./og file might look like this:

OpenMeshModel (
model type=ANSYS,
file_name='C:\cube\cube.cdb/,
retained nodes file="cube RETAINED.txt')

InsertFileFlaw (
file_name='C:\cube\cube 05.crk")

RunAnsysAnalysis (
file_name='C:\cube\cracked cube/,
flags=(],
command=""C:\ANSY'S Inc\v252\ansys\bin\win64\ANSYS252.exe" -b -p
ansys -i "C:\cube\cracked cube.cdb" -o "C:\cube\cracked cube.out"")

ComputeSif ()

CloseModel()
A complete description of the FRANC3D command language is provided in the FRANC3D
Command Language & Python Extensions document.
Selecting the Playback menu item invokes the Playback Session File dialog, Fig 4.8.1. The
user selects the desired session file and then presses Accept. FRANC3D will read and execute

the commands from the session file.

The Fatigue Life Predictions menu item (and dialog) does not write a session log command.

4.9 Quit - Ctrl-Q

The File Quit menu item exits FRANC3D. The Save Model Warning dialog (see Fig 4.3.1)
will be displayed if the model has not been saved.
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playback session file
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Figure 4.8.1 Playback session file selection dialog.

5. Edit Menu Wizards and Dialog Boxes

The wizards and dialog boxes for the Edit menu options are described in this section.
5.1 Unit Conversion...

Selecting the Edit —Unit Conversion menu item invokes the Model Units dialog, which allows
one to set the FE model units for length, stress, temperature and time, Fig 5.1.1. 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 model. The original FE

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

FRANC3D will do unit conversions when matching the crack growth material data with the FE
model results to compute crack growth or fatigue cycles.
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Cancel Accept |

Figure 5.1.1 Model Units dialog.

d

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 Preferences...

Selecting the Edit —Preferences menu item invokes the Preferences dialog, which allows one
to set program-wide configurations, Fig 5.2.1. These preferences are stored in a database that is
read when FRANC3D is started. Some settings might not take effect until the program is
restarted, so if you change settings, it is best to quit and restart. The Preferences dialog has ten
tabs, which are described next.
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General 1] General 2| Window | 3D view | Ansvs | aBaqus | NaSTRAN| Meshing | Adwesh | Units |

Fallback Directory: Ic:xbruce Browsel
Help File Directory: IC:1Users‘nbrun:e‘nDesktop‘.franch_vBD_docs Elrowsel

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

[~ Double size graphics for high resolution screens

Available FE input: v ANSYS [ ABAQUS [ MASTRAN
Default FE input: " ANSYS (F ABAQUS ¢ NASTRAN
FE Input Checks: [™ Turn on DaCheck option for FE impaort

FRANC3D/RLM License: W Release license during FE analysis

MNASGRO user defined XML material library

Library File: I Erowsel

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

Figure 5.2.1 Preferences dialog with General tab displayed.

5.2.1 General 1 Tab

In the General 1 tab, one can set the default work and help file directories (see Fig 5.2.1) and
other generic settings.

The Fallback directory is the folder where the model files will be read from and written to by
default if a work directory is not set or if it is invalid. The work directory should be set using
File - Work Directory.

The Help File directory is the top-level directory for the documentation described in Section 3.1.
Documentation is accessed from the Help menu.

The Suppress directory... option might be needed by users that must access network-mounted
drives/directories. If you find that FRANC3D takes significant amounts of time to list
files/folders when opening/saving, try turning this option on.

The Double size graphics... option might be needed by users with a very high-resolution display.
Turning this on will double the size of the graphics, so the user might have issues displaying
dialogs or plots for standard resolution displays.
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The Available FE Input check box allows one to turn off GUI support for a FE program. For
example, if you will only be using ABAQUS, turn off ANSYS and NASTRAN to limit the
options when importing/saving/analyzing.

The Default FE Input radio button sets the user’s default FE model type for importing a new
model (see Section 4.5). For example , if you have both ANSYS and ABAQUS but mostly use
ABAQUS, you can set the default to ABAQUS to simplify import and analysis.

The FE Input Checks option allows a user to check the FE model for potential errors/issues when
importing. Turning this option on will alter the import dialog by adding an extra option, Fig
5.2.2. Press the Choose Checks button to turn on/off specific checks, Fig 5.2.3. The options are
described in Section 5.4 of the User’s Guide. In general, one should not need to run these
checks, but if there are errors during crack insertion/meshing, the user can 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
Directories X | | Files in E\F3D_v7_models\BenchMarks\Sne
=N =G
= Dy [ ] snedden_uncracked.inp
= E) [] sneddon_uncracked_unloaded.inp

=1 F3D_w7_models
1 AbagusTests
[C1 AnsysTests

Figure 5.2.2 Import dialog with FE Input Checks turned on.

Check Mesh Options

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:

¥ Check sliver voids:

Cancel | Accept |

Figure 5.2.3 FE input checks.
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The Release license... option allows one to turn off the license-release during the FE analysis.
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.

The NASGRO user defined XML material... option allows one to specify an .xm/ file containing
NASGRO material data. An .xm! file can be exported from NASGRO. The file can be used
during subcritical crack growth and fatigue life computations.

5.2.2 General 2 Tab

The General 2 tab, Fig 5.2.4, provides the option to disable the Fretting and Single Crystal
menus. Symmetry crack capabilities can be turned on/off. There are additional settings for
saving timing output and Python rerun scripts.

Preferences

General 1 General2| Window | 3D View | ANSYS | ABAQUS | NASTRAM| 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 afile
¥ Turn on fretting menu and options

[~ Turn on single crystal menu and options

™ Turn on electrical menu and options

[ Generate Python rerun scripts

¥ 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 5.2.4 General 2 preferences tab.

There are two options for On exit send timing...; the first sends information to the terminal (or
CMD) window, and the second sends information to a timing.txt file. If a user wants to
understand where time is spent during a crack growth simulation, these options will provide
insight.

The Send all warning and error messages to a file... will create a f3d warn_err.txt file when
running from the GUL
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The Turn on fretting menu... will make the Fretting menu available in the FRANC3D main
menu. If you do not use the fretting module, you can turn it off.

The Turn on single crystal menu... will make the Single Crystal menu available in the
FRANC3D main menu. If you do not use the single crystal module, you can turn it off.

The Turn on electrical menu... will make the Electrical menu available in the FRANC3D main
menu. If you do not use the electrical module, you can turn it off.

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

The Turn on symmetry crack... turns on the option to “insert” symmetry surface cracks in the
flaw insertion wizard; see Section 6.1.

The Save .crk file at each growth step... will retain all of the .crk files as the crack is propagated.
Note that the FLAWSUREF block of data can be extracted from the .fdb file and saved as a .crk
file also.

5.2.3 Window Tab

In the Window tab, one can set the font and colors used in the graphical user interface windows,
Fig 5.2.5. The GUI font Select button will pop up a dialog box that allows one to select from the
available fonts, Fig 5.2.6.

Clicking any of the color swatches (colored rectangles) will bring up a dialog box, Fig 5.2.7, that
allows one to select a new color.

The GUI Equation Display option lets one adjust the equation scaling and display. Different
graphics settings and monitors might display the equations or plot labels differently. These
settings might help improve the display.

The Startup Window Size can be set by editing the width and height, or by selecting the Current
button, which will measure the current window and then update the numbers.

The ‘use OpenGL version 1.1’ can 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.

The Defaults button restores all values to default settings.
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Preferences

3DView| ANSYS | ABAQUS | NASTRAN| Meshing | AdvMesh Units

General 1| General 2

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

[ gamma correct equations

Startup Window Size:

width: [ 1050 height: [ 800 Current| Defauts|

™ use OpenGL version 1.1

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

Figure 5.2.5 Window tab of Preferences dialog.
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" |@Dotum
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Character Set: Set Width: Pitch:
I.Any j I.Any j IAny j Scalable: ™

Preview:
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Cancel | Accept

Figure 5.2.6 Font selection dialog.
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Figure 5.2.7 Color selection dialog.

5.2.4 3D View Tab

The 3D View tab is used to set the combinations of mouse buttons and keyboard keys that are
used to invoke the view and select functions, Fig 5.2.8. One should ensure that each function has
a unique set of buttons and keys. The view manipulations are described in Section 2.

Preferences

General 1] General 2| window | 3D View | ansys | aBaaus | MASTRAN| Meshing | Adwesn | units |

F Key Modifiers 3D view colors
L MR W shift cntl alt Reverse Sense Background Color l:l
otate N o sl Vector Color _
Text Color I
Pan [l Ci ol o miN mi
Polygon Color l:l
Zoom [al ol G ol i mi r
Marker Color _
Spin (el el Ol o mi Wi
1strighiight ||| |
Select (Ol ol el el v
o u anaHighignt [ ]
GroupSelect & C C O ¥ ¥ [ aHighignt [ ]
FrontClip ©C & C C W [ r Line width: |1 Defauns|
BackClip C C & C W [ I r
View Projection: © Perspective & Orthotropic Defaults

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

Figure 5.2.8 3D View tab of Preferences dialog.

The L, M, R and W correspond to the left, middle, right and wheel buttons of the mouse. Note
that the Ctrl-key plus a left mouse button click provides a quick center of rotation selection.
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The Defaults button (next to View Projection) restores all values to default settings. Rotate, pan,
zoom and the front and back clipping options were described in Section 2.1. The Select option is
used by the Flaw Editor (see Section 6.1.11).

In addition, the color settings in the Window tab, there are additional 3D view colors that can be
set. Clicking any of the color swatches will bring up a dialog box (see Fig 5.2.7), 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 can be restarted, or the model reread for these settings
to take effect.

The Defaults button (next to Line width) restores all view colors to the default settings.

5.2.5 ANSYS Tab

The ANSYS tab allows the user to set default ANSYS analysis parameters, Fig 5.2.9.
Configuration details that do not change frequently, such as the path to the ANSYS executable

and the license type can be set here. These values will then appear as default values for every
ANSYS analysis.

Preferences

General 1| General 2| Window | 3D View | | ABAQUS | NASTRAN| Meshing | Adwesh | Units

AMSYS executable: I ansys252 exe Browsel

AMNSYS license: Iansys vl

Job name: & none " cdbname " specify johname:l

Total memory: I 0 Database memary: I 0 (0 lets ANSYS choose)

MNumber of processors: I 1 " Use dis: & no-mpi /-

i - Tpi ™ -mpi apenmp

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

¥ Delete unnecessary analysis files

Output results: @ last substep © every substep
Output results: ¢ full model & submodel  template

™ Turn on Extra load files during FE import

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

Figure 5.2.9 ANSYS tab of Preferences dialog.
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ANSYS Executable stores the path to the ANSYS executable program. The Browse button will
pop up a file browser that can be used to locate the program; Fig 5.2.9 shows the ANSYS
executable for ANSYS 2021.

ANSYS License stores the 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 is a franc3D.ini (or .franc3d.rc for Linux) file in the user’s
home folder. This file can be edited. Look for the [f3d ansys] block and change the license
string:

[f3d ansys]

executable="C:\\Program Files\\ANSY'S Inc\\v252\\ansys\\bin\\winx64\\ANSY S252.exe"

license=ansys

Job Name allows one to specify an ANSYS ‘job’ name.

Total and Database Memory options allow one to set the amount of memory that will be
requested on the ANSYS command line (see ANSYS documentation for details).

Number of Processors is self-explanatory. The Use -dis option can be turned on for HPC license
installations and analyses.

Add to command allows the user to add extra options to the ANSYS command line.

Include full path in file names adds the path to any file name for the ANSYS analysis 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 files allows FRANC3D to delete ANSYS analysis files that are not
needed by FRANC3D. The ANSYS .db and .rst file are not deleted so that one can use ANSY'S
to visualize the model and results. Note however that these two files can be regenerated by
rerunning the analysis.

Output results allows one to limit the amount of output that is written to the .dip file. The default
is to save results for all nodes of the local cracked submodel portion for the last substep of each
load step.

Turn on Extra load files during FE import will automatically turn on the checkbox for extra load
step files (see Fig 4.5.2). There are several ways to import multiple load steps for an ANSYS
.cdb file. If the data is not included in the .cdb file, the .s## files should be imported when
importing the .cdb file.

5.2.6 ABAQUS Tab

The ABAQUS tab allows the user to set default ABAQUS analysis parameters, Fig 5.2.10.
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Abaqus Executable stores the path to the ABAQUS executable program. The Browse button
will pop up a file browser that can be used to locate the program. For MS Windows, choose the
abaqus.bat file from the ABAQUS Commands folder.

Number of Processors is self-explanatory.

Include full path in file names adds the path to any file name for 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 files allows FRANC3D to delete ABAQUS analysis files that are
not needed by FRANC3D. The ABAQUS .odb file is not deleted so that a user can use
ABAQUS CAE to visualize the model and results. Note that this file can be regenerated by re-
running the analysis.

Ask: ‘Old job files exist. Overwrite? (y/n)’ disables the ABAQUS prompt.

Output results allows one to limit the amount of output that is written to the .dtp file. The default
is to save results for all nodes of the local cracked submodel portion for the last frame (substep)
of each load step.

ABAQUS release... allows one to specify the ABAQUS version, which will affect the Python
scripts that are generated to extract results from the .odb file. ABAQUS 2024 uses Python 3.

Preferences

US| NASTRAN| Meshing | AdvMesh | Units

ABAQUS executable: [apaqus.bat Elrowsel
MNumber of processors: |71

[~ Include full path in file names

[ Delete unnecessary analysis files

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

Output results: & lastframe ¢ everyframe

Outputresults: ¢ full model @& submedel © template

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

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

Figure 5.2.10 ABAQUS tab of Preferences dialog.
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5.2.7 NASTRAN Tab
The NASTRAN tab allows the user to set default NASTRAN analysis parameters, Fig 5.2.11.

NASTRAN Executable stores the path to the NASTRAN executable program. The Browse
button will pop up a file browser that can be used to locate the program.

Turn off GeomCheck allows one to turn off the GeomCheck option.
Crack front elements allows one to choose quarter-point or mid-side node locations for the crack
front wedge elements. Mid-side nodes might be required for NX NASTRAN.

Include full path in file names adds the path to any file name for 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 files allows FRANC3D to delete NASTRAN analysis files that are
not needed by FRANC3D.

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

General 1| General 2| Window | 30 View | ANSYS | ABAQUS NASTRAN| Meshing | AdvMesh |  Units

NASTRAN Version: & NX ¢ MSC

MASTRAN executable: |nastran.exe Browse
¥ Turn off GeomCheck

I™ Include full path in file names

¥ Delete unnecessary analysis files

Output results: & full model © submodel  template

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

Figure 5.2.11 NASTRAN tab of Preferences dialog.
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5.2.8 Meshing Tab
The Meshing tab allows the user to set default meshing parameters, Fig 5.2.12.

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

Number of circumferential elements sets the number of elements per ring; there must be an even
number to compute the M-integral SIFs.

Progression ratio sets the relative size of the rings.

Maximum aspect ratio sets the ‘length’ of the elements along the front.
Max volume elements sets a limit on the number of volume elements FRANC3D can generate.

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

Template elements sets the default template element type(s).

Use quarter points sets the default node position for crack front elements; applies to wedge and
collapsed-constrained brick elements.

Constrain bricks sets the default brick element type for all-brick templates.

Do coarsen crack mouth turns on/off the mesh coarsening along the crack mouth. For shallow
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 refinement turns on/off the local surface mesh refinement for surfaces near
the crack.

Do not coarsen more than uncracked mesh turns on/off the option to define the new surface mesh
density based on 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 more like the original uncracked surface mesh density. Further
details can be found in Section 6.1.21.
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Preferences

| aowtesh | units |

Number of element rings in template: I 3 Number of circumferential elements: I 8
Progression ratio: I 4 Maximum aspect ratio:

Maximum volume elements: I 1000000 Maximum backirack restarts:

General 1| General 2| Window | 30 View | ansys | ABaqus | NASTRAN

1|

Template elements: * wedge+brick ¢ all brick " all tet
¥ Use quarter points:

¥ Constrain bricks (for all brick):

¥ Do coarsen crack mouth

¥ Do crack proximity refinement

¥ 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. o | Cancel

Figure 5.2.12 Meshing tab of Preferences dialog.

Volume mesh using allows the user to choose between FRANC3D, ANSYS and ABAQUS
volume meshing. Note that the Max volume elements and Max backtrack restarts only applies to
FRANC3D volume meshing.

ANSYS or ABAQUS volume meshing: write files only allows 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 mesh files and then wait for the volume mesh file.

5.2.9 Advanced Meshing Tab

The Advanced Meshing tab allows the user to set default advanced meshing parameters, Fig
5.2.13. The options are described in the dialog and are described more fully in the FRANC3D
Users Guide. The volume meshing algorithm is described in journal articles; for example:

An Algorithm for Three-Dimensional Mesh Generation for Arbitrary Regions with Cracks,
Cavalcante et al., Engineering with Computers (2001) 17: 75-91.
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Preferences

General 1| General 2| Window | 3D View | ANSYS | ABAQUS | NASTRAN| Meshing | Units

Surface Max Internal Element Ratio: I 20 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: I 1.4 Mominally the maximum size ratio between two adjacent
elements in a surface mesh.

Surface Curvature Refinement Factor: I 0.523 Ifris the 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: I 0.25 The maximum ratio between the nominal local element size
and a reduced size set due to local suface curvature.

Surface Crack Front Decay Ratio: I 2 The ratio at which adjacent element sizes can increase
as one moves from a crack front to a nearby surface.

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

Figure 5.2.13 Advanced Meshing tab of Preferences dialog.

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

The Units tab allows the user to set default units for the FE model and for display, Fig 5.2.14.
The options are the same as for Edit —Unit Conversion; there is an extra option for changing
the label for the number of passes through the load schedule. The passes are displayed in the
Fatigue Life dialog (see Section 9).

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

62



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

Default FEM model units Default units for display
Sl units @ Slunits
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 & «
£ &5 o « & ¢
(’ o) ¢ o
Units of time: Units of time:
@ sec C min C hour C day ¢ year  other @ sec C min C hour C day C year C other
Label for passes through load schedule:
¢ passes ( missions ¢ flights  duty cycles

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

Figure 5.2.14 Units tab of Preferences dialog.

6. Cracks Menu Wizards and Dialog Boxes

The wizards and dialog boxes for the Cracks menu options are described in this section.

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
both surfaces is defined using triangular Bezier patches; this is briefly described in the User’s
Guide along with a summary of the geometric approach to crack extension. Surface and volume
meshing is constrained by this underlying geometry; this includes the crack front template mesh
described in Section 6.1.14.

6.1 New Flaw Wizard

The New Flaw wizard leads the user through the process of creating and orienting a
parametrically defined flaw. This wizard contains several panels; however, normally one will
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not see all panels. Choices in the panels determine which panels are shown next. The overall
flow is illustrated in Fig 6.1.1. Note that the Elliptical and Through boxes contain multiple crack
shapes.

The individual wizard panels are described below.

Flaw Type
K

Finite volume
notches and voids

Zero volume cracks

Translations and Rotations
v
Crack front template mesh

Figure 6.1.1 New Flaw wizard flow diagram.

6.1.1 Flaw type panel

The first panel determines the flaw type, Fig 6.1.2; either a crack (zero volume flaw), a notch, or
a void (finite volume flaw) can be inserted.

There is the option to save the flaw description to a file. The default is to add the flaw to the
model without saving to a (.crk) file. The second radio button (Save to file and add flaw) allows
the user to save the flaw to a file and add it to the model. The third option (Save to file only)
saves the flaw to a file without adding it to the model.

The last two options provide support for interface and symmetry cracks. If the user is inserting a
crack that is embedded in a bi-material interface, this box should be checked. The second option
will only be displayed if the “Symmetry crack™ option is turned on in the Preferences (see
Section 5.2.2). If the user is inserting a Symmetry surface crack, this 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. Multiple flaw insertion is described in Section 6.3.
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Flaw insertion

Flaw Type

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

" Void (cavity)

Flaw To File

& Do not save to file

" Save tofile and add flaw
" Save tofile only

I~ Crack embedded in bi-material interface

[ Symmetry surface crack

Cancel | | Mext [»

Figure 6.1.2 New Flaw wizard first panel selects flaw type.

6.1.2 Crack type panel
The current crack (zero volume flaw) types include:

1) elliptical crack with one crack front — top left icon in Fig 6.1.3,

2) through-the-thickness crack with one front — bottom left icon,

3) through-the-thickness crack with two fronts — top, second from the left,
4) long-shallow surface crack shape — bottom, second from the left,

5) elliptical crack shape with two fronts — top, third from the left,

6) long-shallow interior crack shape — bottom, third from the left,

7) curvilinear elliptical crack — top, fourth from the left,

8) user-defined crack — bottom, fourth from the left,

9) user-defined-surface mesh crack — top right, or

10) part-circular crack — bottom right.

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 axis. The crack fronts are indicated by thicker lines.

The dimension for the selected crack type are shown in the subsequent panel.
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Crack Type

-
-/

a (deg)

Cancel | <] Back | Mext [» I

Figure 6.1.3 New Flaw Wizard crack (zero volume flaw) types.

6.1.3 Elliptical crack panel

Single front elliptical cracks are defined by entering the semi-axes lengths (a and b), Fig 6.1.4.
Once values have been specified for the length of the axes, the ellipse is displayed in the 3D
view window. The ellipse is displayed in its local orientation, which is in the x-y plane and
centered at the global Cartesian origin.

The Advanced Geometry button allows one to add more boundary points, which might be

needed for high aspect ratio ellipses. The associated dialog is described in Section 6.1.12. This
button is available for all crack shapes except for the two user-defined cracks.
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Ellipse Crack Parameters Display
¥ Markers

= ! 3 ¥ Vectors
e 1 - ¥ Polygens
“ . IV Text
™ Mesh

% ™ Fronts
I~ Template

Advanced Geometry.
| (reset) (d)

Save  Read

&

(il
@
A
@ Bl

View options

Recenter

i

Capture image

|

B

Cancel | <] Back | Mext [»

Figure 6.1.4 New Flaw Wizard elliptical crack parameters panel.

6.1.4 Single-front Through-the-thickness crack panel

Single-front through-thickness edge cracks are specified using three lengths (a — ¢) and the width
(d), Fig 6.1.5. 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 is in the x-y
plane with one corner at the global Cartesian origin.

Flaw inserticn

Through Crack Parameters Display
¥ Markers
a: 1
¥ Vectors
[ 1.25 ¥ Polygons
e[ 1 h ¥ Text
c ™ Mesh
d: 5
2 ’r Y I” Fronts
™ Template
Advanced Geometry —_—
(reset) (d)
Save | Read
LBl Lia[=]
Lol
View options |
/ﬁ Recenter |
X
Capture |mage|
e Laal 1559

Cancel | <] Back | Mext [+ I

Figure 6.1.5 New Flaw Wizard single-front through-crack parameters panel.
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6.1.5 Two-fronts Through-the-thickness crack panel

Two-front through-thickness center cracks are specified using six crack lengths (a — f) and the
crack width (g), Fig 6.1.6. 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
the x-y plane with one mid-side at the global Cartesian origin.

Flaw inserticn

Center Crack Parameters Display
¥ Markers
a: 1
¥ Vectors
C 12 ¥ Polygons
e[ 1 ¥ Text
Y ™ Mesh
d: 1
™ Fronts
& 11 ™ Template
f
! (reset) (d)
g 5
Advanced Geometry
Save | Read
LBl Lia[=]
Lol
View options |
X Recenter |
;J Capture |mage|
L | e | O

Cancel | <] Back | Mext [» I

Figure 6.1.6 New Flaw Wizard two-front through-crack parameters panel.

6.1.6 Long shallow surface crack panel

Long-shallow-surface cracks are specified using the crack length (a), the crack width (b), and a
corner radius (r), Fig 6.1.7. This crack shape can be used in place of high-aspect ratio elliptical
surface cracks. The crack is displayed in its local orientation, which is in the x-y plane with the
global Cartesian origin as shown in Fig 6.1.7.
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Flaw insertion

Long Shallow Crack Parameters Display
I—G g Markers
v Vectors
e 5 @ ¥ Polygens
r El ”I ¥ Text
e ™ Mesh
™ Fronts
I~ Template

Advanced Geometry

(reset) (d)

Save  Read

BB
A LaLE]

View options |
X Recenter |
Z/ Capture imagel

el Ll 2

Cancel | <] Back | Mext [»

Figure 6.1.7 New Flaw Wizard long shallow surface crack parameters panel.

6.1.7 Two-fronts Elliptical crack panel

Two-front elliptical (ring) cracks, Fig 6.1.8, are defined by entering the outer semi-axes lengths
(a and b) and the inner semi-axes lengths (c and d). The user also has the option of turning off

the crack front for either the outer or inner front; this allows one to define a circumferential crack

in the outer or inner wall of a pipe.

Flaw insertion

Ring Crack Parameters Display

¥ Markers
¥ Vectors
¥ Polygens
IV Text

™ Mesh

v ™ Fronts
¥ Outer front ™ inner front ™ Template

Advanced Geometry (reset) (d)
rese

a:
b:
&

d:

1)

Save  Read
Sl Lol =)
©E

View options |
_ Recenter_|

Recenter

Capture imagel

et gl Y

Cancel | <] Back | Mext [» I

Figure 6.1.8 New Flaw Wizard two-front 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 in the x-y plane 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-shallow-interior cracks are specified using the crack length (a) and the crack corner radius
(r), Fig 6.1.9. This crack shape can be used in place of high-aspect ratio elliptical interior cracks.

The crack is displayed in its local orientation, which is in the x-y plane with the global Cartesian
origin as shown in Fig 6.1.9.

Flaw inserticn

Pseudo-Ellipse Crack Parameters Display
: I— ¥ Markers
* 5 ¥ Vectors
- 5 ¥ Polygens
IV Text
a v ™ Mesh
™ Fronts
I~ Template
Advanced Geometry ——
|(reset) (d)
Save  Read
BADE
[REC L s
View options |
Recenter |
Capture imagel
L | el | B

Cancel | <] Back | Mext [» I

Figure 6.1.9 New Flaw Wizard long shallow interior crack parameters panel.

6.1.9 Curvilinear elliptical crack panel

Curvilinear elliptical cracks are specified by entering the semi-axes lengths (a and b) and the
‘surface’ radius (r), Fig 6.1.10. 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 the x-y plane with
the global Cartesian origin as shown in Fig 6.1.10. Note that there are limitations on the
dimensions; you should not define a crack that has edges that overlap or intersect.
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Curved Ellipse Crack Parameters Display
¥ Markers
a: 5
¥ Vectors
e 2 N ¥ Polygens
1| (5= P Teu
™ Mesh
' ™ Fronts
Y I~ Template
Adianced Geometry| |7
(reset) (d)
X Save  Read
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View options |
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Capture image
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Figure 6.1.10 New Flaw Wizard long shallow interior crack parameters panel.

6.1.10 User-defined crack panel

The user-defined crack requires a set of points that defines the crack boundary. Click on
View/Edit Points, Fig 6.1.11, to display a dialog that allows one to enter the geometry points,
Fig 6.1.12. The front column in Fig 6.1.12 allows one to define points as crack front points
using a value of 1; non-front points are set to 0. Note that unless one is defining an interior
crack, there should be at least one point on the crack boundary that is not a crack front point.
The front points are displayed and numbered corresponding to the listing shown in Fig 6.1.12.
Points must be consecutive around the boundary.

One can read the points from a file using the Read From File button. The file should be a
simple ASCII .zxt file with the format:

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

The Smooth Front Points option in Fig 6.1.11 allows the user to smooth and re-parameterize the
crack front points. This allows for more uniform crack surface geometry.

The boundary points are used with a surface triangulation algorithm to produce the interior crack
surface geometry. Enough non-front points should be defined to produce a reasonable
triangulation of the interior region. The Generate Non-Front button can be used to create non-
front points if none exist. Note that the first and last boundary point should not be repeated.

Some non-planarity is possible; however, the user cannot define crack-surface-interior points,
therefore, this crack type works best for planar or near-planar cracks.
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User Defined Crack Points Display
View/Edit Paint. ¥ Markers
—Ilew 1t Foints ¥ Vectors
Read From File ¥ Polygons
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Generate Non-Front ™ Mesh
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. user points
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# of points 26
Save | Read
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Figure 6.1.11 New Flaw Wizard user-defined crack panel.

User Defined Points

Mumber of Points: I AQ
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0] - 44691E+01 0. 58942E+01 0 1
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Figure 6.1.12 User-defined crack points dialog.

6.1.11 User-mesh crack panel

The user-mesh crack allows one to convert a surface mesh into a crack. Click on Read mesh
File, Fig 6.1.13, to display the file selector dialog, Fig 6.1.14. FRANC3D can read ABAQUS
(.inp), ANSYS (.cdb) and NASTRAN (.bdf) files containing planar or shell elements. Select
Accept and the surface will be displayed, Fig 6.1.15.
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Figure 6.1.13 New Flaw Wizard user-mesh crack panel.
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Figure 6.1.14 User-mesh crack mesh file dialog.
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Flaw insertion
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Figure 6.1.15 User-mesh crack surface.

The scale factor field, in Fig 6.1.15, allows one to scale the user-mesh crack. This can be
especially useful for STL files that are saved using units of meters when the model is in
millimeters.

In addition to the surface mesh files, FRANC3D can also import STL files, which is just a
collection of triangles. Chapter 6 of the User’s Guide provides additional information for user-
defined crack shapes.

6.1.12 Part-circle crack panel

Part-circle cracks are defined by entering the degrees and radius (a and r), Fig 6.1.16. Once
values have been specified, the portion of the circle is displayed in the 3D view window. The
flaw is displayed in its local orientation, which is in the x-y plane and centered at the global
Cartesian origin.

6.1.13 Advanced Geometry button

Selecting the Advanced Geometry button on the predefined crack shapes (where it exists) leads
to the dialog shown in Fig 6.1.17.

There are two buttons on the top menu bar: Refine and Reset. The crack surface (triangular

patches) or the boundary geometry is shown in the window. The two through-cracks are the only
library flaws that use triangular patches, see Fig 6.1.18.
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Flaw insertion
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Figure 6.1.16 New Flaw Wizard long shallow interior crack parameters panel.

Bdry Refine

Reﬁnel Reset

Figure 6.1.17 Crack Advanced Geometry dialog.

6.1.13.1 Refine

The Refine button increases the discretization of the crack surface or boundary geometry, Fig
6.1.18. Although cracks notionally have an analytical geometry (e.g., elliptical or quadratic),



they are defined geometrically by triangular cubic-Bezier patches. These patches only
approximate the analytical form. As the number of geometry patches is increased, the
approximation improves but at the cost of additional processing time required to insert the crack.
The Refine button performs a refinement of the patches or the boundary points. The Reset
button sets the geometry back to the default setting.

Bdry Refine Flaw AdvGeometry
Refine| Reset
Acceptl Cancel Acceptl Cance\l

Figure 6.1.18 Example of a Refined geometry for the elliptical (left) and through (right) cracks.

6.1.14 Notch type panel
The current notch types include:

1) thick ellipse — top left icon in Fig 6.1.19,

2) thick through-thickness with two fronts — top middle,
3) thick through-thickness with one front — bottom left,
4) thick long-shallow surface — bottom middle, and

5) thick curvilinear ellipse — top right.
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Flaw insertion
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Figure 6.1.19 New Flaw Wizard notch types.

6.1.15 Thick (flat) elliptical void panel

Single-front thick ellipse notches are defined by entering the semi-axes lengths (a and b) 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 in the x-y plane and centered at the
global Cartesian origin.
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Figure 6.1.20 New Flaw Wizard elliptical crack parameters panel.
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6.1.16 Two-fronts Through-thickness void panel

Two-front through-thickness notches are specified using six crack lengths (a — f), the crack width
(g) 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
the x-y plane with one mid-side at the global Cartesian origin.
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Figure 6.1.21 New Flaw Wizard two-front through-crack parameters panel.

6.1.17 Single-front Through-thickness void panel

Single-front through-thickness notches are specified using three lengths (a — c), the width (d) 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 is in the x-y
plane with one corner at the global Cartesian origin.
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Figure 6.1.22 New Flaw Wizard single-front through-crack parameters panel.

6.1.18 Long shallow surface void panel
Long-shallow-surface notches are specified using the crack length (a), the crack width (b), a

corner radius (r) and the thickness, Fig 6.1.23. The crack is displayed in its local orientation,
which is in the x-y plane of the global Cartesian system.
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Figure 6.1.23 New Flaw Wizard long shallow surface crack parameters panel.
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6.1.19 Curvilinear elliptical void panel

Curvilinear elliptical notches are specified by entering the semi-axes lengths (a and b), the
‘surface’ radius (r) and the thickness, Fig 6.1.24. The crack is displayed in its local orientation,
which is in the x-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 define a notch that has edges that overlap or
intersect.
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Figure 6.1.24 New Flaw Wizard long shallow interior crack parameters panel.

6.1.20 Void type panel
The current void types include:

1) ellipsoid — top left icon in Fig 6.1.25,
2) user-defined-volume mesh crack — top right.
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Flaw insertion

Figure 6.1.25 New Flaw Wizard void (finite volume flaw) types.

6.1.21 Ellipsoid panel

Ellipsoidal voids are defined by entering the three semi-axes lengths (a, b, and ¢), Fig 6.1.26. The
void is displayed in the local orientation and centered at the global Cartesian origin. There are
no “front” edges identified for an ellipsoid.

Flaw insertion
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Figure 6.1.26 New Flaw Wizard ellipsoidal void parameters panel.
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6.1.22 User-mesh void panel

User-mesh voids are added by importing a volume-mesh. Click on Read mesh File, Fig 6.1.27,
to display the file selector dialog, Fig 6.1.28. FRANC3D can read ABAQUS (.inp), ANSYS
(.cdb) and NASTRAN (.bdf) files containing volume elements.
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Figure 6.1.27 New Flaw Wizard user-mesh crack panel.

For example, a cylinder model is selected, Fig 6.1.29, and inserted into a cube to create a
cylindrical void. The user-mesh void can be translated into position relative to the model, Fig
6.1.30; the resulting model surface mesh is shown in Fig 6.1.31.
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Figure 6.1.28 User-mesh void file dialog.
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Figure 6.1.29 Cylinder volume mesh.
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Figure 6.1.30 Cylinder volume mesh inserted into a cube.
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Figure 6.1.31 Cylindrical void in a cube.
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6.1.23 Symmetry crack surface select panel

If a user checks the Symmetry surface crack box (see Fig 6.1.2), an extra dialog is displayed
prior to selecting the crack type, Fig 6.1.32. Surfaces with symmetry-boundary 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). Click Next to continue defining the crack.
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Figure 6.1.32 Select symmetry surface dialog.

6.1.24 Flaw translation and rotation panel

Once a flaw (crack, notch, or void) is defined, it must be translated and rotated into the proper
location relative to the unflawed body. The flaw orientation panel displays the flaw and the
model in a 3D graphics window, along with controls to translate and rotate the flaw, Fig 6.1.33.
Translations and rotations can be specified in the global or in a local coordinate system.

The translations move the origin of the flaw. It is usually simpler to specify translations and 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. These are Euler angles,
but the order of the rotation axes can be specified. The rotations follow a "right-hand-rule"
where the thumb points in the positive direction along the axis and the fingers curl in the positive

rotation direction.
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The Define Local Axes button allows the user to specify a local Cartesian system to aid in
placing the flaw; this is described in the next sub-section. The adjacent Reset button clears any
local coordinate system and resets the original default crack translation and rotation.

The Display panel on the right side has two additional options to display the Local and Crack
Axes.
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Figure 6.1.33 New Flaw Wizard orientation panel.

6.1.24.1 Define Local Axes

The Redefine Local Axes button displays a dialog, Fig 6.1.34, that allows one to specify a local
Cartesian coordinate system. See Section 6.5 of the User’s Guide for additional details on flaw
placement and local axes.

The Anchor at node option allows one to specify a node ID, which will define the crack local
origin. One can specify Normal to Surface or define the local x- and y-axes. For the first option,
the surface-normal at the specified node in the model defines the crack plane.

The Anchor at point normal to surface is like the previous option, but the user must specify the
global Cartesian coordinates of the point on the surface.

The Define by three nodes option allows one to specify three node IDs to define the origin and
crack plane.
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The Define by three points option is like the previous option, but the user must specify the global

Cartesian coordinates of the three points.

The Define by angles option allows the user to specify the global Cartesian origin and three

rotations.
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Figure 6.1.34 New Flaw Wizard orientation vectors dialog.

6.1.25 Crack Front Mesh Template Panel

For accurate stress-intensity factor computations, a pattern or "template" of elements with
controlled sizes and shapes is placed about all crack fronts. The template takes the form of
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generalized cylindrical tubes of elements with the crack fronts serving as the axes of the
cylinders. Wedge shaped elements are placed immediately adjacent to the crack fronts. These
are surrounded by rings of brick elements, Fig 6.1.35.

quarter-point singular wedge
A\ crack-front elements
tetrahedral elemenm “

for most of volume mesh L XA AN —

' two or more “rings” of 0
brick elements
pyramids provide compatibility
between bricks and tetrahedra

Figure 6.1.35 Crack front mesh element types.

Fig 6.1.36 shows the Crack Front Mesh Template wizard panel with an elliptical surface crack.
The template elements are displayed in the 3D graphics window superimposed on the flaw and
model geometry. By default, only half of the template elements are shown. 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 turning on Display full template.

A notch front will have a template, similar to the crack front; a void will not have a template.
The Meshing parameters button is used to specify surface and volume meshing parameters as

well as choosing the volume mesher (see Section 6.1.25.1). The Configure Template button
allows the user to adjust the template settings (see Section 6.1.25.2).
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Figure 6.1.36 Crack front mesh template panel; panel is not displayed for voids.

6.1.25.1 Meshing Parameters Dialog

The Meshing Parameters dialog, Fig 6.1.37, has the same settings as the Preferences meshing
tab described in Section 5.4.8. The user can control aspects of the surface and volume meshing.
Section 7 of the User’s Guide provides additional information.

The first parameter, Maximum Generated Elements, limits the total number of volume elements
that FRANC3D will create during volume meshing. The second parameter, Maximum Volume
Mesh Restarts, limits the number of volume meshing restarts. These two options only work
when FRANC3D is used for volume meshing. FRANC3D uses an advancing front volume
meshing algorithm; this algorithm can get stuck sometimes and the algorithm is designed to
backtrack (i.e., remove elements) and restart. If the program fails to create a volume mesh after
several restarts, one might try volume meshing with ANSYS or ABAQUS.

The next two options allow the user to control surface mesh refinement: 1) on the crack surface,
using the Do coarsen crack mouth mesh option, and 2) on the model surface in areas where
adjacent region boundaries are near, using Do crack proximity refinement. The effect of the Do
coarsen crack mouth mesh option is shown in Fig 6.1.38.

The Do not coarsen more than uncracked mesh option modifies the surface meshing algorithm to
respect the original surface mesh density. Fig 6.1.39 shows an example where the option is
turned off (left panel) and then turned on (right panel).

FRANC3D, by default, is used to mesh the volume, but ANSYS and ABAQUS can also be used
by selecting the appropriate radio button for Volume mesh using... Note that the user must have
a licensed working copy of these programs to use their meshing algorithms. The user can select
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the ANSYS and ABAQUS executables, using the Browse button, if not already set in the
Preferences (see Section 5.4).

For ANSYS or ABAQUS: write files only allows 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.

Fill inclusions allows the user to create inclusions instead of voids.

Meshing parameters

Meshing parameters/options

Maximum generated elements: 1000000
Maximum volume mesh restarts: 4

W Do coarsen crack mouth mesh

¥ Do crack proximity refinement

I Do not coarsen more than uncracked mash

Volume mesh using: & FRANC3D ¢ ANSYS  ABAQUS

lwinx64\ANSYS252 exe

| ansys

| abaqus.bat

For ANSYS or ABAQUS: [ write files only

[ Fill inclusions
Cancel Accept

Figure 6.1.37 Meshing parameters dialog.
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Figure 6.1.38 Effects of Do coarsen crack mouth option: on — left panel and off — right panel.
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Figure 6.1.39 Effects of Do not coarsen more than uncracked mesh option: off — left panel and
on — right panel.

6.1.25.2 Conficure Template Dialog

The Configure Template dialog allows the user to adjust the default crack front mesh template
parameters, Fig 6.1.40. The parameters are described below and illustrated in Fig 6.1.41, which

shows a typical cross-section of a crack-front template. Section 7 of the User’s Guide provides
additional information.

Number of radial rings sets the number of rings of elements in the template.

Number of elements circumferentially sets the number of elements in the circumferential
direction around the crack front.

Radia progression ratio 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 aspect ratio 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.

91



Configure template

Number of radial rings- I 3 Display
. W Markers
MNumber of elements circumferentially: I 8 ¥ Vectors
Radial progression ratio: I 1 ¥ Palygons
Max axial/radial aspect ratio: I 2 V¥ Text
™ Mesh
& Brick (and wedge) elements (K's and J's) ™ Fronts
¥ Use quarter-point elements ™ Template
& \Wedge elements at the crack front (reset) (@)
" Collapsed brick elements at the crack front
I~ | Allow crack-front blunting
" Tetrahedral elements (J-integral only)
I” Simple template intersections only Save | Read
[l hal)
LR L]
; View options
Recenter
X
Capture image
C ol | Ry
Cancel Accept

Figure 6.1.40 Configure crack front template dialog.
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Figure 6.1.41 Crack front template cross-section.

Brick (and wedge) elements (K’s and J’s) sets the template element type to wedge surrounded by
brick elements.
Use quarter-point elements sets the node position for the crack front elements; this
applies to wedge and constrained-brick elements. If this option is un-checked, a mid-side
node location is used.
Wedge elements at the crack front sets the crack front element as wedge.
Collapsed brick elements at the crack front sets the crack front element as brick.

92



Allow crack front blunting turns off the constrained nodes for crack front brick elements.

Tetrahedral elements (J-integral only) sets the template element type to all-tetrahedral elements.

Simple template intersections only 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 corners, Fig 6.1.42, this option allows a crack to be inserted with template elements along
the bulk of the crack front, Fig 6.1.43. FRANC3D attempts to recognize instances where the
template will intersect model surfaces at poor angles and automatically uses this option as
needed.

o
T
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AR

Figure 6.1.43 Crack front mesh template pulled back from the model surface.

6.1.25.3 Configure Notch Front Template Dialog

The Configure Template dialog for notches is shown in Fig 6.1.44; the parameters are described
below.
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Figure 6.1.44 Configure notch front template dialog.

Radial/circumferential aspect ratio controls the aspect ratio.
Radial/longitudinal aspect ratio controls the aspect ratio.

Element type:
Brick (and wedge) sets the element type to brick and wedge.

Tetrahedrons sets the element type to all-tet.

Simple template intersections only toggle allows the user to terminate the template inside the

model surfaces.

Specify radius and elements on arc allows the user to set the desired outer template radius and

the number of elements on the arc (the circumferential dimension).
Requested outer template radius ...
Requested number of elements on arc ...

Specify rings and elements on arc allows the user to set the desired number of element rings and

the number of elements on the arc (the circumferential dimension).
Requested number of element rings ...
Requested number of elements on arc ...

Specify rings and radius allows the user to set the desired number of element rings and the outer

template radius.
Requested number of element rings ...
Requested outer template radius ...
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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 radius: the actual outer radius.

Actual elements on arc: the actual number of circumferential elements.

Actual number of rings: the actual number of rings.

6.1.26 Flaw Insertion

After selecting Finish on the crack front mesh template panel (see Fig 6.1.36), the flaw is
inserted into the body and the model is remeshed. An information box is displayed to give the
status of operations, Fig 6.1.45. The crack geometry is inserted into the model geometry first,
represented by the Doing geometric intersections... status. Once the crack geometry has been
inserted, trimmed, and tied to the model geometry, surface and then volume meshing occurs. If
using the FRANC3D volume meshing, the final volume mesh is smoothed to improve the
element quality.

Flaw Insertion Status (Mot Respondi...

Doing geometric intersections...
Surface meshing...

Wolume meshing...

Cancel |

Figure 6.1.45 Flaw Insertion Status dialog.

6.2 Flaw from Files

The user has the option of saving the flaw to a .crk file when defining a new flaw (see Fig 6.1.2).
The Flaw from Files menu option allows the user to read one or more .crk files and insert the
crack(s) into the model. The Locate .crk flaw file dialog, Fig 6.2.1, is displayed, which allows
the user to select one or more .crk files. Use Ctrl- or Shift-key to select multiple files. After
selecting Accept, the flaw is displayed within the model, Fig 6.2.2. A flaw can be translated, but
rotation is not allowed.

Select Next to define the crack front template mesh; this was described in Section 6.1.23.
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 restart .fdb file. As the crack grows, new geometry is added, and this
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information is saved in the .fdb file. If needed, the FLAWSUREF block of the .fdb file can be
extracted and saved as a .crk file (see Section 4.1.1).
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Figure 6.2.1 Locate flaw file dialog.
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Figure 6.2.2 Orient a flaw-from-file dialog; only translation is allowed.



6.3 Multiple Flaw Insertion

The Multiple Flaw Insertion wizard, Fig 6.3.1, allows one to add multiple cracks to a model.
The user defines each crack using the Flaw Insertion wizard panels, described in Section 6.1.
When all cracks have been defined, they can be added to the model and/or saved to a file.

The user starts by selecting the Add button in the dialog shown in Fig 6.3.1. This leads to the
flaw-insertion wizard panels. Either cracks or voids can be added.

Once a flaw has been added to the list, it can be edited or deleted by selecting the flaw name and
then selecting the Edit or Delete button. All the added flaws can be displayed in the model, Fig
6.3.2, to ensure that they do not overlap or intersect; select the Display button to show this
dialog. Select the Finish button to return to the Multiple Crack Definition dialog.

The set of radio buttons at the bottom of the dialog in Fig 6.3.1 allows one to: 1) add the flaws to
the model without saving to a file, 2) add the flaws to the model after prompting for a file name
to save a .crk file, or 3) save the flaws to a file without adding them to the model.

If the flaws are just being added, select Accept to close the dialog and begin the process of crack
insertion and re-meshing. The flaw insertion status window as described in Section 6.1.24 is
displayed. The Save File dialog is presented before the crack insertion process starts if the user
wants to save and add.

Note that mixing of flaw 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 surfaces will not
have the correct boundary conditions mapped onto the new mesh.
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& Add wio save  Add/ save ¢ Save only

Cancel | Accept |

Figure 6.3.1 Multiple flaw insertion - top level dialog.

Display

™ Markers
¥ Vectors
¥ Palygons
IV Text

™ Mesh

" Fronts
" Template

(reset) (d)

Save | Read
Bl LaffE]
Lol

Cancel | < Back | FEinish |

Figure 6.3.2 Multiple flaw insertion — flaw display window.
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6.4 Compute SIFs

The user can compute and plot stress intensity factors (SIFs) after performing an analysis of the
cracked model; the Analysis menu is described in Section 8.

SIFs are computed at mid-side nodes along the crack front.

6.4.1 M-integral, Displacement Correlation or Virtual Crack Closure Panel

The Compute SIFs menu option brings up the Compute SIFs dialog box, Fig 6.4.1. Either the
M-integral, Displacement Correlation (DC) or Virtual Crack Closure (VCCT) method can be
chosen to compute SIFs. The M-integral method' is usually the most accurate. The DC option
can be used to check the M-integral values. The VCCT method was added primarily for 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 crack — if you want to use the M-integral SIFs.

Compute 5IFs

Stress Intensity Factor Computation Method

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

" Displacement Correlation {least accurate)

" Virtual Crack Closure Techigue (WCCT)

Cancel | Accept |

Figure 6.4.1 Compute SIFs panel allows one to choose either M-integral, DC, or VCCT.

The M-integral Advanced button displays the dialog in Fig 6.4.2 — left side. The VCCT
Advanced button displays the dialog shown on the right side of Fig 6.4.2. The fields in the
dialog are described below.

! Banks-Sills et al, EFM 74, p 1293-1307.
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-
Advanced Parameters

[}
| W Include Thermal Terms

Reference Temperature = I 0 Advanced Parameters

| ™ Large Rotations (small strains) I Large Rotations (small strains)

f Cancel | Accept | f Cancel | Accept |

Figure 6.4.2 Compute SIFs M-Integral and VCCT Advanced Parameters dialogs.

Include Thermal Terms: Thermal terms can be included in the M-integral computation. The
nodal temperatures should exist in the results database, and the user should supply the reference
temperature if not already given with the initial FE input file. Note that these options should be
set automatically if there are temperatures in the initial FE model.

Large Rotations: The local crack front coordinate system is defined based on the deformed
configuration if this option is checked; this is required when there are large rigid body rotations.
This option is not set automatically.

6.4.2 SIF Plot Panel

Stress-intensity factor distributions are displayed in this dialog, Fig 6.4.3. The left side of the
dialog 1s a 3D graphics window that displays the crack in model. The right side of the dialog is a
tab box that shows graphs of the computed stress-intensity factor (SIF) distributions along the
crack front. The mode I, 11, and III SIFs are represented by the KI, KII and KIII tabs,
respectively.
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B Stress intensity factors (interaction / M-integral) = O X

File Data Axes |

Display Analysis Load Step |1 7| Sub Step I’ AL VI Crack Front VI Crack Growth Step |0 Vl
¥ Markers -
I Nfactors K I Ky | Km I J-int | T-str I Temp | Table | Exportl
F Palygons Mode I Stress Intensity Factor
¥ Text 13.3
™ Mesh
™ Template
(reset) 130
(crack) ‘E
A =
: Save | Read E 1
=l i1 |
LmBal <
120
View options |
Recenter |
L Capture |mage| 115 L L L L
; 0.0 02 04 06 08 Lo
x L_-‘_g fe+f @ A B
normalized distance along front

Figure 6.4.3 SIF plot panel.

The J-integral tab displays a plot of the total (elastic) J-integral distribution (total energy release
rate not segregated into modal components). J-integral values from M-integral and
Displacement Correlation will be slightly different as the computations are done differently. The
T-Str tab displays a plot of the T-stress. The Temp tab shows the temperature. The Table tab
shows a table of the SIF values along with the parametric location along the crack front (N
Coord); the crack front length is normalized from 0 to 1, going from A to B (shown in the
window on the left).

The Export tab allows one to export the SIF data to a file, Fig 6.4.4. The user can specify the
type of delimiters to use, the grouping of the data, and order of the data. The program 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 point A. Use the Write file
button to set the file name and save the data. A WriteSif command is issued to the session log;
see Section 2.1.68 in the Commands & Python reference.
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-0.01025973
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-0.00610931
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-0.001962162
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-0.000572962
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0.000076363
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3

K | Ki | Ky | Jint | T-str | Temp | Table Export]

Delimiters

Content

M Kl
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I Hntegral

™ T Stress

I” Temperature

" Tabs & Spaces " Commas

Options
™ Reverse order
™ Units

[¥ front coordinates

I front coordinate axes

Write file| Preview

Figure 6.4.4 SIF table tab (left panel) and export tab (right panel).

The Preview button displays a table of the data with options to set the precision and delimiters in
the file, Fig 6.4.5. Click on a column label to set the format for a single column. If a column is
selected, the Default precision option becomes inactive. Columns of data can be copied to the
clipboard using the Copy to clipboard button (or using the Ctrl-C keys). Use the Write File
button to set the file name and save the data.

File Preview

1] Neoora | w1 |k ko | ox [ v z =
| 2] 0.011111 32,6235 0.00436681 -0.000463134 46.6000 -8.88180e-15 -11.86667

| 3] 0.033333 32.6196 0.00343254 -0.001692081 46.6000 -1.78746e-14 -11.60000

| 4| 0.055856 32.6200 -0.00204721 -0.001421876 46.6000 -1.78746e-14 -11.33333

| 5] 0.077778 32.6244 -0.00662860 0.001700896 46.6000 -1.78746e-14 -11.06667

| 6| 0.100000 32.6231 -0.00909901 0.002725608 46.6000 -1.78191e-14 -10.80000

| 7| 0122222 32,6203 -0.00493425 -0.001393148 46.6000 -1.78191e-14 -10.53333

| 8] 0.144444 326165 -0.00131485 0.000922542 46.6000 -1.78746e-14 -10.26667

| 9| 0.166667 32.6080 0.00092722 -0.000850444 46.6000 -1.77636e-14 -10.00000

| 10] 0.188883 32.6048 -0.00467424 -0.001212235 46.6000 -1.77636e-14 -9.73333

[ 11] 0.211111 32.6182 -0.00575110 0.002429305 46.6000 -1.77636e-14 -9.46667

| 12| 0.233333 32.6229 -0.00298427 0.003256399 46.6000 -1.78191e-14  -9.20000

| 13| 0.255556 32.6238 0.00110804 0.001163262 46.6000 -1.77636e-14 -8.93333

| 14] 0.277778 32.6194 0.00877615 -0.001027739 46.6000 -1.77636e-14 -B.66EGT

| 15| 0300000 326159 001574196 0001217383 466000 -178746e-14 -8.40000

|16] 0.322222 326170 0.02133142 0.000275396 46.6000 -1.78746e-14 -8.13333 =
Default precision Farmat f lumn(s Delimiters

 Full precision at ¢! Scientific notation || ¢ Spaces C Tabs  Commas

@ Limited I 633 significant figures |

Copy to clipboard

Cancel |

Write File |

Figure 6.4.5 File preview dialog.
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The dialog shown in Fig 6.4.3 includes options to display SIF data for a model with multiple
load steps (and substeps), multiple crack fronts, and multiple crack growth steps. The drop-
down boxes above the tabs provide these options, Fig 6.4.6.

Crack Growth Step |6

5
4
3
2
1
0

Export

Analysis Load Step Crack Front |1 |
1
b I L I |tegraI| T-5ir uatl-le |
2

le I Stress Intej3  [Factor
4

38.30 \

Figure 6.4.6 SIF display drop-down selections for load step, crack front, and crack growth step.

6.4.2.1 SIF Plot menu bar

The menu bar at the top left contains three entries: File, Data and Axes. These are described
here. The same menu appears in other dialog panels with XY plots.

The File menu is shown in Fig 6.4.7. The Export as .png... and Export as .jpg... options both
present the standard FRANC3D File Save As dialog (see Section 4.4). One can save either .png
or .jpg images of the XY plot. The Close option closes the SIF display.

File Data Axes
Export as .png...
Export as jpa...

Close
T

Figure 6.4.7 SIF display panel File menu.

The Data menu is shown in Fig 6.4.8. The Swap A-B option swaps the X-axis and data in the
XY plot, Fig 6.4.9.

Data Axes
Swap A-B
Convert Units__

Figure 6.4.8 SIF display panel Data menu.
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Analysis Load Step I‘u VI Sub Step |0 VI Crack Front |1 | Crack Growth Step |0 VI Analysis Load Step |1 'I Sub Step I Ufnd Crack Front |1 = Crack Growth Step I 0f

K| ki | wkn |snteorall Tst | Tavie | Export | K| k| km | Hntegrall Tt | Table | Export |
Mode I Stress Intensity Factor Mode I Stress Intensity Factor

14.00 14.00
13.60 | 1360 |
1320 | 1320 |

W 12801 1230 L
1240 [ 1240
1200 | 1200 b
1160 1 1 1 1 11.60 P S S (T T S TR AN S SRS S N S SO TR S R S '

0.0000 0200 0.400 0.600 0.800 1.000 0.0000 0200 0.400 0.600 0.300 1.000
A B B A
normalized distance along front normalized distance along front

Figure 6.4.9 Effect of the Swap A-B menu option.

Convert Units allows one to change the units for the XY plot. The dialog, Fig 6.4.10, shows the
FE units and the current display units; the display units can be changed.

Unit Canversion

Units used in FEM model (readonly)
Length: mm  Stress: MPa

Temperature: C  Time: sec

Units used for display

@ S| units
Length: @ mm  m  other
Stress: & MPa " Pa ¢ other

Temperature: & C ¢ K other

¢ US customary units

Length  inch

Stress psi € ksi

Temperature: © F ¥ ather
Units of time:

& sec C min ¢ hour ¢ day  year  other

Cancel | Accept |

Figure 6.4.10 Units dialog.

The Axes menu is shown in Fig 6.4.11. The Format X Axis option displays the dialog shown in
Fig 6.4.12. One can define the axis limits and grid spacing. The Format Y Axis displays the
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same dialog with the label changed to Y Axis. The Labels... option 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 6.4.11 SIF display panel Axes menu.

K Bxis

Maximum: & Auto  Fixed

Minimum: & Auto ¢ Fixed

.

MajorUnit. & Auto  Fixed 0

Minor ticks per major tick: I 5

W Major tick lines
[ Minortick lines

Accept |

Cancel |

Figure 6.4.12 Format X Axis dialog.

Labels

Title:

K Axis: Inormalized distance along front

¥ Axis: [|K_I

Irﬂode | Stress Intensity Factor

Cancel |

Accept |

Figure 6.4.13 XY plot Labels dialog.

6.4.2.2 SIF Plot with Simple Template Intersections

If Simple Template Intersections (see Section 6.1.25) is turned on, the template will not extend to

the model surface. The SIF plot is based on the template element nodes; thus, A and B represent
the ends of the template and not the ends of the geometric crack front, Fig 6.4.14. The
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normalized crack front position (N Coord) is also based on the template; A and B always
represent N Coord values of 0 and 1. SIFs are computed at the element mid-side nodes. 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 between A and B.

B Stress Intensity Factors (Interaction / M-Integral) - [m] X

Display Analysis Load Step [sum VI Sub Step G Crack Front m Crack Growth Step m
E:,d:;;e: K | By | Ko | G | 6u | G | Jeint | Tostr Table IE"PO“I

¥ Palygons NCoord | Ki | Kl | Kl [=]
¥ Text ; 0.0109 26.142 -0.0149653 0.0055658
¥ Mesh | 2 | 0.0328 25.804 -0.0189232 -0.0024414
i 0.0547 25453 -0.0150717 0.0003612
| 4 | 0.0765 25.148 -0.0162345 0.0008516
= 0.0983 24.896 -0.0217213 0.0034915
| 6 | 0.1223 24694 -0.0226464 0.0067779
| 7 0.1485 24.480 -0.0222525 0.0038967

Save | Read | 8 | 0.1746 24.290 -0.0235860 0.0048351 —
alE Lallz) | o | 0.2008 24128 -0.0156318 0.0012108
a G E @ i 0.2270 24 015 -0.0148136 -0.0025608
— 11 0.2511 23901 -0.0209134 -0.0011708
MI E 0.2730 2381 -0.0280849 -0.0019641
Recenter | | 13 | 0.2949 23747 -0.0341389 -0.0001939
Capture | | 14 | 0.3167 23.697 -0.03695814 0.0005241
| 15 | 0.3385 23.668 -0.0322212 0.0038991
E‘-{‘lH @l | 16 | 0.3604 23.639 -0.0283858 0.0062244
|17 | 0.3844 23.637 -0.0273411 0.0053070

| 18 | 0.4105 23626 -0.0188643 U.UUSSSU_4|;|
4] | 3

Figure 6.4.14 SIFs when Simple Intersection Template is turned on.

6.5 Grow Crack

When the Grow Crack menu option is selected, the Compute SIF's wizard is displayed first
(see Section 6.4) if the SIFs have not already been computed.

The Crack Growth wizard allows the user to specify algorithms and parameters to determine
the local direction and relative extension of crack growth.

The first panel in the wizard, Fig 6.5.1, allows one to specify the growth model type. Subcritical
crack growth includes fatigue, stress corrosion, and creep models. Quasi-static crack growth is a
simplified model that uses a simple power-law to advance the crack front. User-defined crack
growth is active if the user has pre-defined Python extensions; Python extensions are described
under the Advanced menu (see section 14.7). Growth parameters can also be read from a file
using the Browse button.

Depending on the chosen growth type, different wizard panels will be displayed, which allow the
user to choose the rules, models, and parameters for 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

Qancell Back | Mext |

Figure 6.5.1. Growth parameters panel.

6.5.1 Subcritical 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 average number of cycles and/or time stored, which
will be used/displayed in the Fatigue Life dialog (see Section 9).

6.5.1.1 Kink Angle Model

The first panel of Subcritical crack growth is shown in Fig 6.5.2. This dialog allows one to

specify the method for computing kink angle.

Kink angle model
Kink angle model
& Maxtensile stress (MTS)

¢ Max shear stress (MSS)

" Generalized stress
" Strain energy release rate

 Planar
) User defined model
™ Kink angle limit

max (K] (8))

max (\/ (nK0(0)" + (13[[[1‘{{“{5))?)

max (MTS,MSS)

ma:c(."{[ Hﬁ':l + 13[[}'{[[t5)] +(1}[[[K[r[[{5)jz)
g =

Maximum kink angle (deg): I 0

Mon-proportional kink angle parameter | Mixed mode eta factors

& AR C K—umx

w1 w1

Crack growth resistance

[T Anisofropic toughness

Settoughness parameters |

Cancel | Back | Mext

Figure 6.5.2 Kink angle model panel.
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6.5.1.1.1 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, Fig 6.5.3. At
each node along the crack front, the computed SIFs are used to determine the kink angle 6:

0 = cos-1 3KA + K + 8K2KA
K? + 9K}

1 7 260 3 .
—__ _ —_ _ = 9
gy =———COs {KI cos K sin }

Crack tip

Figure 6.5.3 MTS kink angle theory.

6.5.1.1.2 Max Shear Stress (MSS)

The MSS option is used when mode II SIF dominates crack growth and the material allows
shear-dominated growth. The user can refer to: Pettit e a/, Next generation 3D mixed mode fracture
propagation theory including HCF-LCF interaction, EFM 102 (2013) 1-14.

6.5.1.1.3 Generalized Stress

The Generalized Stress option 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.

6.5.1.1.4 Strain Energy Release Rate (SERR)

The SERR option computes a kink angle based on the growth direction that maximizes the strain
energy release.
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6.5.1.1.5 Planar

The Planar option sets the kink angle to zero. If 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 symmetry-cracks.

6.5.1.1.6 User Defined Model

The User-Defined Model will be active for the user-defined Python extensions if the kink angle
function is defined and selected; see Section 4 of the Commands & Python document.

6.5.1.1.7 Kink angle limit

The kink angle limit can be used to limit the amount of crack turning for a step of growth. For
partial crack front extension and large kink angles, this option can significantly improve the
crack growth insertion/remeshing.

6.5.1.1.8 Non-proportional Kink Angle Parameter
The kink angle can be computed based on AK or Kmax. If the loading produces non-proportional

cyclic loading and the Kuin values produce negative Kj, the Kiax option might be more
appropriate.

6.5.1.1.9 Mixed Mode Eta Factors

The n factors apply to the MSS and SERR computations. The user must provide them.

6.5.1.1.10 Crack Growth Resistance

Crack growth resistance can be either isotropic or anisotropic. If the Anisotropic Toughness box
is checked, the Set Toughness Parameters button is activated, Fig 6.5.4; all the material
toughness values should be entered.
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Toughness Parameters

values

Kc 12
Kc 13 |
ke 21
Kc 23
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Ko 32
| param
n param

|
it Loceent | |

Figure 6.5.4 Anisotropic toughness parameters dialog.

Currently, FRANC3D supports one anisotropic crack growth resistance model. It is an
orthotropic model based on six principal material toughness values. These values are illustrated
in Fig 6.5.5. The e'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 plane and the second subscript gives the

direction of propagation.

Figure 6.5.5 Orientations for the six principal material toughness values.
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Fig 6.5.6 shows the crack-front orientation and defines the a and n vectors. x, y, and z are local
crack-front coordinate axes that, in general, are not aligned with the global Cartesian coordinate

axes. 0 is the local kink angle.

b3

Figure 6.5.6 Definition of the crack-front a and n vectors.

The crack orientation and kink-angle-sensitive local resistance to crack growth & ,(0) is given

—1/21

2 (2) (2)]
Kp(n,a)= —2 +—2 +—2
Kj K3 K3

by

Ki(a)=+1-af

where Kjj and Kj are the principal toughness values (no summation on repeated indices), a;

and n; are the Cartesian components of the a and n vectors, and / and n (no subscript) are shape
parameters. The n shape parameters control the shape of the toughness envelope in the principal
planes. For example, Fig 6.5.7 shows the variation in K3 as function of 6 assuming that crack

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

6.5.1.2 Subcritical Growth Units

Selecting Next in the dialog seen in Fig 6.5.2 leads to the Subcritical Growth Parameters dialog,
Fig 6.5.8. Note that yellow (warning) triangles indicate parameters need to be set before you

continue.
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Figure 6.5.7 The variation in K5 as function of 0 assuming that crack front coordinates are
aligned with the Cartesian coordinates.

Subcritical growth parameters

Units used in FE model

Istress: MPa length: mm temp: C time: sec Change |

A, Crack growth load schedule

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

/1, Crack growth rate model

New model | Readfromfile | View/Edit dadil| ViewEdi dace|  Save e |

Mixed-mode equivalent K

& R _ ‘KI e Kmui\.- _ j/K—I‘z " {"J'"I(Il}z 1 {"J'mK—III}?
‘e K"-'QU.W = KRSS .T]]: I 0 -1]]]: I 0
Sign: & kom Ay C om A © lom K © always positive € always negative

Effective delta K
& ARy = Koo — Ko C AKy = Kpay — max(Ky,, 0)

I Use load interaction model 4 Set/Edit parameters |

Integration options

¥ Accelerated counting ™ Constant K for time integration

Dynamic pairing metric

g f_‘.K:E?ui' C daa [ dN ™ Simplified HCF/LCF pairing

Cancel | Back | Einish |

Figure 6.5.8 The Subcritical Growth Parameters dialog.
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The Units 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 the Change button on the right side of the Units used in the FE model to display the Units
dialog box, Fig 6.5.9. Either SI or US units can be chosen; if the FE units do not correspond to
the units shown, choose “other”. Units of time are 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 other units are used, it is up to the user to make the units consistent between the FE model and
the crack growth rate model.

Specify the units used in FEM medel

FEM model units

& Slunits
Length: * mm © m  other
Stress: & MPa " Pa ¢ other

Temperature: & C K other

™ US customary units

L " inch o
_____ Cipsi O =
T " F g

Units of time:

@ sec  min  hour  day C year C other

cancel | pack |[ Finisn |

Figure 6.5.9. The Units dialog.

6.5.1.3 Subcritical Load Schedule

A Crack Growth Load Schedule (see Fig 6.5.8) 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 the New Schedule button (see Fig 6.5.8) to display the Load Schedule dialog, Fig 6.5.10.

A load schedule is comprised of a collection of load events. Load events are organized in a tree-
like structure. The root of the tree is a Schedule event.
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Initially, the upper part of the dialog (Fig 6.5.10) shows one Schedule event, which is the main
root of the tree. A left click on this event does two things: 1) it makes the Add button active, and
2) it raises the Repeat tab in the lower part of the dialog (right panel). In practice, we typically
set the top-level schedule to repeat forever.

Load schedule Load schedule

- Schedule: B ] Schedule:

Add | Delete | Duplicate | 1'!'2'3' Add | Delete | Duplicate | ll!l!l!l

Load steps

F:e:eetl Te ":eretLlrelTi »:l :-}'teticl C'therl Load steps RePeﬂtlTE'“:ereturel Ti"el :-}'teti:l Dtherl

r Mo event selected " Load event repeat count

| Cancel | Accept | | Cancel | Accept |
Figure 6.5.10 The Load Schedule dialog.

Select the Add button to display the Event Type dialog, Fig 6.5.11. There are seven different
types of event:
» Simple Cyclic — a simple AK = Kmax — Kmin cycle, where the Kmax and Kmin loadings are
proportional, s0 Kmin = R*Kmax, and R is given by the analyst.
» Non-Proportional Cyclic — a AK = Kmax — Kmin cycle, where the Kmax and Kmin loadings
are not proportional (they come from different load steps), and R = Kmin/ Kmax 18
computed.
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» Transient — For a transient event, a list of analysis load steps, sub-steps (frames), or a
combination are specified. FRANC3D will examine all the associated K’s and select
Kmax and Kmin from among these to define AK = Kmax — Kmin.

» Spectrum — For a spectrum event, one or more load spectra are specified. A load
spectrum is a list of load multipliers used to define a sequence of Kmax and Kmin values,
which are used to define a sequence of AK’s. If multiple spectra are specified, they are
superimposed.

» Hold Event — 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.

» Dynamic Pairing — examines all SIFs and dynamically creates max-min pairs.

» Schedule — A schedule event can contain child events and allow a tree-like structure to be
constructed.

Event type

Event type:

+ Simple cyclic

™ Non-Proportional cyclic
" Transient

" Spectrum

" Hold Event

" Dynamic pairing

" Schedule

Cancel | Accept |

Figure 6.5.11 The event type dialog.

Note that some event types will not be active if there is only one set of SIFs. Non-Proportional
Cyclic and Transient types require more than one load step (or set of SIFs).

If the Non-Proportional Cyclic event type is selected, the Load Schedule dialog is updated, Fig
6.5.12; and the Load Steps tab is automatically selected. The yellow triangles indicate that the
load steps associated with Kmax and Kmin must be specified. The Select a load step button brings
up the dialog shown to the right in Fig 6.5.12. For both Kmax and Kmin, the load step is selected
from the “pull-down” list of load steps.

If there is only one substep (frame) for a load step, the Load Sub-Step option is unavailable. If
there are multiple substeps, the user can choose the substep as well. A load scaling factor can be
defined.

Note that in the Select Load Step dialog, the Sum Multiple Steps button allows Kmax and Kmin to

be defined as the sum of the K’s associated with two or more load steps (each with its own load
multiplier).
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Once the load steps for Kmax and Kmin have been selected, the Load Schedule dialog is updated as

shown in Fig 6.5.13.

Load schedule

EI. Schedule: Repeat Forever
¥4 NonPropCyclic: Kmax(),Kmin()

Load steps I Repe atl Temperaturel T|me| Static | Otherl

r Nonproportional cyclic load event

K max load step:

/A No load step selected  Select a load step |

K min load step:

/A No load step selected  Select a load step |

Add | Delete | Duplicate | ﬂllgl:l

Cancel |

Accept

Select load step

Load Step: |1 vI
Load sub-step: I vl |
Load multiplier: I 1 |

| Cancel | Sum multiple steps | Accept ||

Figure 6.5.12 The Load Schedule dialog with a non-proportional cyclic load event added.

The Select a load step button displays the dialog on the right.
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Load schedule

E|. Schedule: Repeat Forever
8 | NonPropCyclic: Kmax(1).Kmin(2)

Add | Delete | Duplicate | ﬂﬂgl!l

Load ste PSI Re peatl Temperatu rel Time | Staticl Otherl

r Monproportional cyclic load event

K max load step:
Step  Sub  Load mult
]

K min load step:

Step  Sub  Load mult

1

Cancel |

Accept |

Figure 6.5.13 The Load Schedule dialog after load steps selected for Kmax and Kin.

The Load Schedule dialog with the Temperature tab selected is shown in Fig 6.5.14, with
Temperature dependent crack growth checked.
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Load Schedule b s ™.

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

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

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

r W Temperature dependent crack growth:

Use temperature from:

|| ® Constant ¢ K. ¢ K . ¢ Kygq © Estemal

" Interpolate between K .- and K temps

| Constant temperature: I 0
Factor((= :\-min"' = :\.ma'-'.: : I 0

Cancel | Accept | l

Figure 6.5.14 The Temperature tab of the load schedule dialog.

Because predicting crack growth might involve several different FE load steps, each of which
can have associated temperatures, it is not obvious what temperature to use when evaluating a
temperature dependent growth model. The following options are available:

e Constant — a constant temperature, provided by the user, is assumed for all crack front
nodes, and is used for evaluating temperature dependent growth models.
e  Kmin — the crack-front temperatures associated with the load step that produces Kmin are

used.

e Kmax — the crack-front temperatures associated with the load step that produces Kmax are
used.

e Khnold — the crack-front temperatures associated with the load step that produces Knoia are
used.

e External — the crack-front temperatures are read from an independent set of analysis
results. This will be a mesh file (e.g., .inp file) and the associated results file (e.g., an
.odb or .dip file).

e Interpolate — the crack front temperatures will be linearly interpolated between the Kmin
and Kmax temperatures using a user-provided parameter that can vary between zero and
one, where zero is the Kmin temperature and one is the Kmax temperature.
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Note that if Kmin, Kmax, OF Khola are specified to be computed from the sum of multiple load steps,
only temperatures from the first load step specified will be used to determine crack-front
temperatures.

The Load Schedule dialog with the Time tab selected is shown in Fig 6.5.15, with Time
dependent crack growth checked; the hold time is added as part of a Non-Proportional Cyclic
event.

Simple Cyclic, Non-Proportional Cyclic, Transient, and Spectrum Load event types all allow a
hold time. A hold-time can also be specified as an independent Hold event.

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 separate hold event that appears before the cyclic event in the load schedule.

The Hold FOREVER option 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 Static tab is shown in Fig 6.5.16. It allows the analyst to specify that the K from a load step
(or sum of load steps) is to be added to both Kimax and Kmin. This will not change the AK, but it
will change the stress ratio, R, for crack growth models sensitive to R. This could represent a
situation where there is a steady “fixed” load and an alternating cyclic load.

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

The Other tab is shown in Fig 6.5.17. It allows one to define how AK is treated if the Kmin
becomes greater than Kmax.
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Load schedule

=l Schedule: Repeat Forever
B nonPro c: Kmax(1), Kmin{2).time

o] v | e 2] 8] =[]

Load steps| Repe at| Temperature ﬂmel Stalicl Oiherl

¥ Time dependent crack growth

& Hold time: I 20

¢ Hold FOREVER
Hold load steps:

Step  Sub Load mult

Cancel | Accept |

Figure 6.5.15 The load schedule dialog with the Time tab selected.

Load schedule

=l Schedule: Repeat Forever

o] e e | 8] 8 o]

Load steps' Repeat'TemperatureITlme StﬂUCIOiherI

[ Static load step
Step  Sub  Load mult
1 1 Edltl

I~ Use mixed non-proportional loading equations

& Modal € WMSERR Stress ratio 03
Klc [ 'Kllc 1 Alpha 3
Kl / Klllc 1| Closure f2 l

Cancel | Accept |

Figure 6.5.16 The load schedule dialog with the Static tab selected.
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Load schedule

E|. Schedule: Repeat Forever
[l JrionPropCyclic: Kmax(1),Kmin(2) time=20,Khold(1),Kstaticlil

| oot | Dupicts | 2l 8]el=]|

© Other crack growth options

i i # st AK = 0
By = By
" Swap I{mnx and I{miu

Cancel Accept | j
Figure 6.5.17 The load schedule dialog with the Other tab selected.

By default, a load event (load cycle, hold time, or combination) will be applied once. The
Repeat tab 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 repeated FOREVER.

All load events are the “child” of a Schedule. When the repeat count is set for a Schedule, all the
child events are repeated for the specified number of times. By organizing the events into a tree-
like structure and setting repeat counts for the Schedule and 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 if the Kmax at any
point on a crack front reaches a critical value. It will also stop if the AK for all points on the
crack front fall below the threshold AK. 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 growth. If repeat FOREVER is specified, FRANC3D will
continue to apply the corresponding load events (sequence of children events in the case of a
Schedule event) until one of the stopping criteria from the crack growth rate model is reached.
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It is usually best to specify repeat FOREVER for the root schedule event, Fig 6.5.18. This
allows FRANC3D to more easily determine if an accelerated counting algorithm can be used
when computing cycles.

g e

. MonPropCyclic: Kmax(),Kmin{)

! Add | Delete | Duplicate | llil!l:l l

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

r Load event repeat count

" Repeat count: I 1
o

Cancel | Accept |

Figure 6.5.18 Load schedule dialog with Repeat FOREVER selected for the schedule.

6.5.1.3.1.1 Simple Cyclic Event

If the user chooses a Simple Cyclic load type (see Fig 6.5.11), the lower portion of the Load
Schedule dialog appears as in Fig 6.5.19. The user can specify a given Stress ratio (R) and then
specify the load step (and substep if there is more than one) along with a load multiplier. The
stress ratio (R) will be used to compute Kmin and AK values.

Load StEDSI Repeat' Temperature' Time| Staticl Dther'

r Simple cyclic load event

Stress ratio, R: I 0

Step Sub  Load mult

I

Figure 6.5.19 Simple cyclic load event options.
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6.5.1.3.1.2 Non-Proportional Cyclic Event

If the user chooses a Non-Proportional Cyclic load type (see Fig 6.5.11), the lower portion of the
Load Schedule dialog appears as in Fig 6.5.20. The user must specify the load step (and substep
if there 1s more than one) along with a load multiplier for both Kmax and Kmin; stress ratio and AK
are computed from these, and kink angle is based on AK 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:

/1, Noload step selected  Selectaload step |

Figure 6.5.20 Non-proportional cyclic load event options.

6.5.1.3.1.3 Transient Event

If the user chooses a Transient load type (see Fig 6.5.11), the lower portion of the Load Schedule
dialog appears as in Fig 6.5.21. The user must specify the load steps (and substeps if more than
one) along with load multiplier, Fig 6.5.22 — left side. If multiple load steps are to be analyzed,
use the Multiple Steps button to select the load steps, Fig 6.5.22 —right side. FRANC3D
computes the Kmax and Kmin values from all the selected load steps; stress ratio and AK are
computed from these, and kink angle is based on AK or Kmax.

Load StEDSI Repeat' Temperaturel Timel Static' Dmerl

- Transient load event

Load steps to search for Kmax and Kmin:

A, Mo load steps selected  Selectload steps

Figure 6.5.21 Transient load event options.
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| Select load steps

| Select load step

| [ Mumber of steps: I 2

Load Step: 1 |

[1 =] Sep | sup | Lk
Load sub-step: I vI 1 1 L 1
i Loadmultiplier:l 9 { E 2 — 1

Cancel | Multiple steps | Accept | Cancel | Accept |

Figure 6.5.22 Transient load event load step selection.

6.5.1.3.1.4 Spectrum Event

If a user chooses a Spectrum load type (see Fig 6.5.11), the lower portion of the Load Schedule
dialog appears as in Fig 6.5.23. The user must 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: Use Multiple Spectra |

/I, Mo load step selected  Select a load step |

& Mo spectrum Select a load specirum |

Figure 6.5.23 Spectrum load event options.

A spectrum is defined as a series of load ranges. Each load range can have an optional repeat
count (the default value is one). One can also specify a load multiplier that will be applied to all
values in the spectrum (e.g., to support the use of a normalized spectrum).

If only one load case is used in the analysis, and load range i has specified values ..., and S

max, i min,i

the expressions used for computing the SIF ranges and R-ratio for range i are

Sy =SS 1, S =SS 41

max, i max, i min,i
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Krmx,[ = Slmx,i Kcomp’ Krrin,l = Sm'n,[ Kcomp
AKi :Kmax,i _Kmin,i and Ri :Kmin,i/Kmax,i

where s is the spectrum multiplier, and ¢ is the spectrum offset. The AK; and R, are used to

compute the crack growth rate for stress range i. If multiple load cases are used, there are
additional options for setting these values.

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

Z@ (AK,R,..)
da = dN ;

dN n

where da/dN is the crack growth rate computed for any given crack front point, and # is the
number of load ranges in the spectrum.

The corresponding predicted kink angle is a weighted average kink angle computed as

n da
ZE (AKi’Ri"") X ekink,i(Kl,i’K[[,i’KII[,H"')
o) i=1 i
ekink =

Z@ (AK,R,...)
1 AN

where 6, 1s the kink angle determined (implicitly) for range i using one of the criteria
described in Section 6.5.1.1.

The Select a load step button (in Fig 6.5.23) displays the dialog for selecting the load step (see
Fig 6.5.22).

The Select a load spectrum button first displays a dialog for selecting the spectrum file, Fig
6.5.24.

FRANC3D reads the data and displays it in a dialog, Fig 6.5.25 — left side, which allows one to
specify the delimiter and to ignore the first line if labels are present. The next dialog, Fig 6.5.25
— right side, allows one to specify the Min, Max, and Count columns.
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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 | Mext |
Figure 6.5.24 Select load spectrum file dialog.
Spectrum file delimiter Define spectrum file columns
Delimiters )
Selectthe 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
0.15 11.000000/645008 | 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 18680
0.15 |1.000000[29280 i 0.575 1.000000 9570
0.575(1. 000000{15320 t 0.15 1.000000 13000
0.15 [1.000000{18680
0.575(1. 0000009570 | DGSEE %gggggg gggg
0.15 [1.000000{13000 1 : )
0. 5751 noooonlasnon | 0.575 1.000000 4850
0.15 (1.000000{9350 0.15f 1.000000 eE00
0.575/1.000000[4850 0.575 1.000000 3e00
0.15 |[1. 0000006600 0,15 1.000000 Cann
0.575(1. 0000003600
0 15 11 oooooolsgon 0.575 1.000000 3420
0 5751 0000003420 0.15 1.000000 5580
0.15 |1 0o00ooolssan 0.575 1.000000 2950
0.575(1. 0000002950 0.15f 1.000000 5460:'
0.15 |1.000000/5460 =
Cancel | Back | Next i Cancel | Back | Finish I

Figure 6.5.25 Select load spectrum file dialog.
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Once the spectrum has been read, the Load schedule dialog appears as in Fig 6.5.26. The
Display button beside the Spectrum label can be used to view the spectrum, Fig 6.5.27.

Load STEDSI Repeatl Temperaturel Time| Staﬁc' Cﬂher'

r Spectrum load event

Load step and load spectrum: Use multiple spectra |

Step Sub  Load mult
I =

Spectum:  Edit | Display |

Figure 6.5.26 Spectrum load event with load step and spectrum defined.

Load spectrum

® @ @« I~ Specify range  Start 1 End 373999

1.0

08

06

load

04

02

00 L L L L 1 |_ L L L 1 |_ L L L 1 |_
0.0 1.0 x10° 2.0%10° 3.0%10°

cycle

Dismiss |

Figure 6.5.27 Spectrum display dialog.

The magnifying glass icons allow one to view a segment of the spectrum and the arrow icons
allow one to move forward or backward through the spectrum. A cycle range can be specified as
well, which can be faster than multiple levels of zooming.
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6.5.1.3.1.5 Hold Event

If the user chooses a Hold load type (see Fig 6.5.11), the lower portion of the Load Schedule
dialog appears as in Fig 6.5.28. The user must specify the hold time and the load step. The hold
time was described previously as part of the root schedule; see Section 6.5.1.3.

[Load Steps | Repeatl Temperature Timel Staticl Ctherl

1 ¥ | Time dependent crack growth

% Hold time: | 0 A

" Hold FOREVER
Hold load steps:

/I, Noload step selected  Select a load step

Figure 6.5.28 Hold load event options.

6.5.1.3.1.6 Dynamic Pairing Event

If the user chooses a Dynamic Pairing load type (see Fig 6.5.11), the Load Schedule dialog
appears as in Fig 6.5.29. Once the event is added, select this event (with a left click), and click
the Add button to display the dialog shown in Fig 6.5.30. This dialog allows one to build up a
series of events within the Dynamic Pairing event.

Note that the repeat count for Dynamic Pairing events can only be set to one. The top-level
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 6.5.29. 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 6.5.30 Dynamic Pairing event types.

There are four event types:
» Low Cycle Reversal — the load step associated with an LCF event is specified.

» High Cycle Const Amp — the load step associated with both a static and a vibratory load
step are specified.
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» Resonance Blossom — the load step associated with a static load step and a vibratory load
step are specified along with several parameters, Fig 6.5.31. One must specify the
resonance frequency (in Hz), the radial acceleration or deceleration (in radians/sec?, this
is assumed to be constant throughout the blossom), the engine order (number of forced
excitations per rotation), and a critical damping ratio (dimensionless).

» Spectrum — For a spectrum event, one or more load spectra are specified, as described for
the Spectrum event in Section 6.5.1.3.1.4.

Add | Delete | Duplicate | ll!lgl!l

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 6.5.31 Resonance blossom parameters.

6.5.1.3.1.7 Schedule Event

If the user chooses a Schedule load type (see Fig 6.5.11), the Load Schedule dialog appears as in
Fig 6.5.32. This allows one to build up a sub-schedule with any of the load event types just
described.
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Load Schedule

= Schedule:

sao | peete | oupicas | 2| B 90| ] |

Load Steps Repeatl e “1|:er3ture| i “1-5' Stati::l Cther'

r Load event repeat count

* Repeat count: I 1

" Repeat FOREVER

Cancel | Accept |

Figure 6.5.32 Schedule load event added to the root schedule.

6.5.1.3.2 Load Schedule: Read From File

The Crack Growth Load Schedule Read From File button (see Fig 6.5.8) allows one to read a
load schedule that was previously defined and saved to a file. This file contains only the load
schedule information. It is used in conjunction with the Save To File button in Section 6.5.1.3.5.
It is an ASCII text file and should contain this data “block”:

FATIGUE_LOAD_SCHEDULE

(
VERSION: 1

SCHEDULE (

|
)

6.5.1.3.3 Load Schedule: Wizard

The Crack Growth Load Schedule Wizard button (see Fig 6.5.8) presents a series of dialog
boxes that leads you through the step-by-step process of creating the load schedule. The first

131



dialog, Fig 6.5.33, shows the types of load schedules that 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 6.5.33 Load schedule wizard first dialog.

The subsequent dialogs will depend on the selected schedule/event type.

6.5.1.3.4 Load Schedule: View/Edit

The Crack Growth Load Schedule View/Edit button (see Fig 6.5.8) displays the previously
defined load schedule in the dialog. The load schedule can be completely revised if needed.

6.5.1.3.5 Load Schedule: Save To File
The Crack Growth Load Schedule Save To File button (see Fig 6.5.8) allows the user to save the

load schedule to a file. This file contains only the load schedule information; it is used in
conjunction with the Read From File button in Section 6.5.1.3.2.

6.5.1.4 Subcritical Growth Rate Model

The Subcritical Growth Parameters dialog (see Fig 6.5.8) requires that you set a Crack Growth
Rate Model. This is material dependent data that describes the crack growth rate based on cyclic
loading and/or time.

6.5.1.4.1 Growth Rate Model: New Model - cyclic loading

Select the New Model button to display the dialog shown in Fig 6.5.34. Cyclic loading and time
dependent growth rate models can be defined. The cyclic loading models are described first.
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Growth model types

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

Qancell Back | ext |

Figure 6.5.34 The crack growth rate model type dialog.

The Cyclic Loading Growth Model dialog, Fig 6.5.35, supports two general types of cyclic
growth models, “paired” and “inclusive” models. The difference between them is based on how
the stress ratio effects are incorporated. For a paired model, the “shape” of the crack growth rate
curve (Paris, Sigmoidal, efc.) is selected independently from the stress ratio algorithm (Walker,
Newman Closure or Table). The inclusive models (two different versions of the NASGRO
equation) have stress ratio effects built into the model equations.

& Paired growth rate and R-ratio functions

Growth rate model:| | Stress ratio model:
* Paris & MNone

" Bilinear Paris " Walker equation
" Sigmoidal " Newman closure
(" Hyperbolic sine | " Table lookup

" Table lookup
" NASGRO version 4 equation

+ Key in

" NASGRO user XML mat file | Select| Browse

" NASGRO version 3 equation
" Modified Hartman-Schijve model
= User defined model

" Crystallographic Accelerated Paris

| Qancell Back | Mext I

Figure 6.5.35 The cyclic loading growth model.

For the Paris crack growth rate model, for example, with no stress ratio effects, the next dialog
allows you specify either a temperature dependent or independent model, Fig 6.5.36. If the
growth rate model is temperature independent, this means that only one set of growth rate
parameters (C and m for the Paris model) are required.
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For temperature dependent models, different sets of parameters are specified for different
temperatures, and FRANC3D interpolates among these values to find the appropriate growth rate
for the crack-front temperature.

Cyclic loading growth model

& Temperature independent model

" Temperature dependent model

Cancel | Back | Mext

Figure 6.5.36 The temperature independent model selected.

For a temperature independent Paris model, the dialog shown in Fig 6.5.37 is displayed. The
Model Label, and Description fields 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 same units used in the FE 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
the FE analysis) are self-consistent; i.e., C and K¢ units must match.

Cyclic loading growth model

Paris growth model: Plat |

dafdN = CAK"

Model label (optional): |

Description (optional): A

[

Units: Istress: unset length: unset temp: unset time: unset & M
C | n "j'I{h’l resh | K-r‘r’f |

A

Qancell Back | [Next |

Figure 6.5.37 Dialog for entering temperature independent Paris growth model parameters.

Each growth rate and stress ratio model is described in the following subsections. The dialogs for
entering the growth rate model parameters are like that shown in Fig 6.5.37; differences will be
noted in each subsection.
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6.5.1.4.1.1 Paris model

The Paris growth rate model (see Fig 6.5.37) is a power law model expressed as
da/dN: C(AKeﬁ«)”

The parameters < and » must be specified along with values for AKj,on014 a0d K piticarr If
AK o < AK pyrosnote 49/ dN 18 set to zero. If AK, ;> (1— R)K y1j0q)» UDStable crack growth is

assumed and da/dN is infinite.

Note that FRANC3D labels the exponent for the Paris model as “n”. In addition to C and n,
values must be entered for AKimreshold and Ke. Specifying a small value for AKinreshold Or a large
value for K. will effectively turn off the possibility that the crack growth simulation will stop due
to a below-threshold or above-critical condition.

6.5.1.4.1.2 Bilinear Paris model

The Bilinear Paris model, Fig 6.5.38, is an extension of the Paris model; it has two linear
portions when plotted on a log/log graph. The equation is:

ﬁ_ CI(AKeﬁ")nl AKeﬁﬂ SAK*
dN | Cy(AK )" MKy >AK

Cydlic loading growth model

Bilinear Paris growth model: Blot |

da  [CLAK™ for AK < AK,
AN ~ |GAK™ for AK > AK,,

Model label (optional): |

Description {optional): =
Units: Istress: unset length: unset temp: unset time: unset & Change |
q | L | Cr2 L] | Ai{rhrw sh | K-rr’r |

Cancel | Back | [ ext

Figure 6.5.38 Dialog for entering temperature independent Bilinear Paris parameters.
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The parameters Cj, Cy, ny, and ny must be specified along with values for AKj,o¢,014 and
Keritical I AK o < AK reoshora da/dN is set to zero. If AK o5 = (1= R)K ¢ jticq» UNStable

crack growth is assumed and da/dN is infinite.

6.5.1.4.1.3 Sigmoidal cyclic loading growth model

The expression for the sigmoidal model, Fig 6.5.39, is:

AK i AK ¢ i
da 263( off ] 111[ off } | Keritical
dN AK preshold AK preshold AKeﬂ

The parameters B, P, O, D, AK;j,,esh014» and K. must be specified.

Cyclic loading growth model

Sigmoidal growth model: Plot
Q
do _ o (AK\" [ (AK I(Kf_)”
i e A—Km + [In A—Km + |In AR

Model label (optional): |

Description {optional): =
=
Units: Istress: unset length: unset temp: unset time: unset Ay Change |
B | P | Q | D | AKmmn | K:f-rr'r |

R

Cancel | Back | ext |

Figure 6.5.39 Dialog for entering temperature independent Sigmoidal growth model parameters.

6.5.1.4.1.4 Hyperbolic Sine model
The expression for the hyperbolic sine model, Fig 6.5.40, is:
log( da/dN) = C; sinh( C,[log( AK)+C3])+Cy

The parameters Cy, €, C3, C4, AKypyesnoia, and K. must be specified. If AK 4 < AK, osnoia
da/dN is set to zero. If AK o = (1= R)K ¢jricqr» Unstable crack growth is assumed and da/dN

1s infinite.
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Cydlic leading growth model

Hyperbolic sine growth model: Plat |

da
log (ﬁ) = ) sinh (G (log (AK) + C3))+ C,

Model label (optional)- |

Description (optional): 1l
;I |
UﬂitSZIstress: unset length: unset temp: unset time: unset ﬁ\, Change |
a | o | a ¢ | AKpew | Ko |

R

Qancell Back | Mext |

Figure 6.5.40 Dialog for entering temperature independent Hyperbolic sine growth model
parameters.

6.5.1.4.1.5 Table Lookup growth model

For a table lookup model, Fig 6.5.41, a list of AK,; and corresponding da/dN values are

specified. Linear interpolation is performed using log-values. The following equation is used to
interpolate between values i and i+1:

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

(K AK)) [ daldN,,
log(AK;,1/AK;) da/dN

In addition to the (AKX, ,da/dN) values, a value must be specified for K,;sicq;. The smallest
specified AK, ;- is assumed to be AKyp,e5n01q- For AK,, greater than the largest value specified
and AK eff <U—=BRK yiricar the slope of the curve between the two highest specified points is
extrapolated. This is unrealistic for many cases, so it is best to provide (AK e -dajdN) data that

extend past the critical values.

Once data has been read or entered, the Plot button (in Fig 6.5.41) can be used to display the
data, Fig 6.5.42. Note that data should be supplied in ascending order with respect to AK.
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Cyclic loading growth model

Table lookup model:

Table lookup for growth rate

Model Iabel (optional): |
Description (optional):

Units: Istress: unset length: unset temp: unset time: unset

Number of K values: I 5 K.-rit:l

0 Ay

AK | da /dN |

1/

2 /M

3/

4 /M

5 /M

ARGy, is the smallest AK value

ke

Figure 6.5.41 Dialog for entering temperature independent Table lookup growth model.

Material Model

Cancel |

Back | et I

da / dN (mm / cycle)

00

Table lookup model

0.001 L

0.0001 |

1.0E-5 |

1.0E-6 |

1.0E-7 |

1.0E-8 |

1.0E-2

10

Plot units:

100 100.0

AK (MPa,fmm)

stress: MPa length: mm temp: C time: sec

1000.0

Change |

Dismiss |

Figure 6.5.42 Plot of Table lookup growth model data.
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6.5.1.4.1.6 No Stress Ratio model
This option turns off stress ratio effects. That is

AK 5 = AK

All the above growth rate model dialogs were shown with the stress ratio option set to None.

6.5.1.4.1.7 Walker Stress Ratio model
The expression for the Walker equation is
AK o =(1-R)" ' AK

m+ R2>0
lm- R<0

The parameters m+ and M — must be specified.

NOTE: the Walker equation is defined relative to R = 0. That is, the parameters used for the
paired growth rate model (e.g., Paris parameters) should be those appropriate for R = 0.

For each of the growth models paired with the Walker model, the dialogs are shown in Figs
6.5.43 —47.

Cydlic loading growth model

Walker stress ratio model: Plot
Paris growth model: mp-1
AK(1— Ry forR =0
da_’;’dj‘\i’ = G(‘jKrﬂff}” rjlK;:Ef = ( }rrlrl—l - —
AK (1 - R) for B < 0
Model label (optional): |
Description (optional): Al
| .
Units: Istress: unset length: unset temp: unset time: unset & Change |
o | n | A I(HI resh | K:-r-r'r | LR | mn |

A

|
Qancell Back | [ext |

Figure 6.5.43 Dialog for entering temperature independent Paris growth and Walker stress ratio
model parameters.
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Cydlic loading growth model

Walker stress ratio model: Plot |

Ak, — 2K (1—R)™" forR =0
! AK(1-R™" for R < 0

Bilinear Paris growth model:

da  [CAKj for AKy < AK,,
dN GAKE for AKy > AK,,

Model label (optional): |

Description (optional): =

[
UﬂitSiIstress: unset length: unset temp: unset time: unset & Change |
a | m | & | m AKpeea | K | mp | wm |

[

Cancel | Back | Text I

Figure 6.5.44 Dialog for entering temperature independent Bilinear Paris growth and Walker
stress ratio model parameters.

Cycdlic loading growth model

Walker stress ratio model: Plot |

Sigmoidal growth model:
AK(1—R)™ " forR >0
ARy { ( )

P Q
da E‘B "ﬂKc[F T AK:[F +
AKy,

- AK,,
Model label (optional): |

AK(1—R)™" forR < 0

K o
«
" (dKC[[):I

N

Description (optional): =

IEd
UﬂitSIIstress: unset length: unset temp: unset time: unset Ay Change |
g [ p [ @ | »p Alpeen | Kew [ mp [ mm ]

[

Cancel | Back | ext I

Figure 6.5.45 Dialog for entering temperature independent Sigmoidal growth and Walker stress

ratio model parameters.
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Cyclic loading growth madel

Walker stress ratio model: Plot |

Hyperbolic sine growth model:
AK(1-R™" forR = 0
/_.I.K::[[ = { ( } -

da
log (d_N) = O sinh (G (log (AK )+ Cy)) + C) AK (1— R}m"_l for B < 0

Model label (optional): |
Description (optional):

Ay Changel
a | o G G Ayt | K | me | mn |

A

Units: Istress: unset length: unset temp: unset time: unset

Qancell Back | Wext I

Figure 6.5.46 Dialog for entering temperature independent Hyperbolic sine growth and Walker
stress ratio model parameters.

Cydlic loading growth model

Walker stress ratio model: Plot |

Table lookup model: mp—1
{,4;{(1_3} "' for R >0

Table lookup for prowth rate A =
Pore = AK(1—R)™" for R < 0

Model label (optional): |

Description (optional): |
[
Units: Istress: unset length: unset temp: unset time: unset /A Change |
Mumber of K values: I L mp | T |
K da [ dt | Al
1/ ARy, is the smallest AK value
£ Kepis: I 0 Ay
3 A |
4/
5 A\ |
Cancel | Back | [ext |

Figure 6.5.47 Dialog for entering temperature independent Table lookup growth and Walker
stress ratio model parameters.
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6.5.1.4.1.8 Newman Closure Stress Ratio model

The expression for Newman Closure is

-
o =)™t

where f'is a function that accounts for the crack front being open for only a portion of the load
cycle due to plasticity induced crack front closure. It is defined as

Kmax

e Kopen _{max(R,Ao + 4R+ A,R* + 43R%)  R>0
AO +A1R —2<R<0

where the coefficients are given by:

/e
Ay = (0.825-0.34cx +0.05a2)[c05[55ﬁﬂ
2 (o)}

(0415-0.071e)>m B>
A = =

0.415-0.071cx R<O0
Ay =1— Ay — A — 43
A3 =2A0+A1 -1

The values of & and Sy, /0 must be specified, where & is a plane stress/strain constraint
factor and S,y /00 is the ratio of the maximum applied stress to the flow stress.

NOTE: the Newman Closure equation is defined forR = Rclo sure- That is, the parameters used
for the paired growth rate model (e.g., Paris parameters) should be those appropriate for the case
of R=R.jpsure, where Rejosure is the stress ratio where crack closure effects are no longer
significant. This value is typically about 0.7 for most materials.

For each of the growth models paired with the Newman Closure model, the dialogs are shown in
Figs 6.5.48 — 52.
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Cyclic loading growth model

Paris growth model- Closure stress ratio model: Plat |
dafdN = C(AKy)" ARy = ,jKI—f(R':w.;;J i)
Model label (optional): |
Description (optional): Al
=
Units: Istress: unset length: unset temp: unset time: unset & Change | |
C | n fjl{ffmmh | K;-r‘ir | o | Tinax .i'r Tflow |

A

Qancell Back | [dext |

Figure 6.5.48 Dialog for entering temperature independent Paris growth and Newman Closure
stress ratio model parameters.

Cyclic loading growth model

Bilinear Paris growth model: ThE e s =T e Plot |
T
da _ JOAKy for Ay = AK,, AKy = Ax Lo I 0 Tra /i)
dN GAK™ for AK,; > AK, ¥ = 1-R
eff = o
Model label (optional): |
Description (optional): =
I
Units: Istress: unset length: unset temp: unset time: unset Ay Change |
Ci | L | Cz | i ‘j‘i{rf{mah | K-rir | a | Tnax ,'lr Tl |
M

Cancel | Back | ext I

Figure 6.5.49 Dialog for entering temperature independent Bilinear Paris growth and Newman
Closure stress ratio model parameters.
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Cyclic loading growth model

Sigmaoidal growth model:

P Q
da _ B AK:[F AKC[E K
N = e (’ij + |ln Ly + |In Ak,

Closure stress ratio model: ﬂl

= f{R'a'JmM .’lra—ﬂuw)

A = AK
Koy iR
Model label (optional): |
Description (optional): 5|
El
UﬂitSIIstress: unset length: unset temp: unset time: unset Ay Change |
B | p [ @ | b ARpes, | Ko | 0 | e / ot |
A

Cancel | Back | ext |

Figure 6.5.50 Dialog for entering temperature independent Sigmoidal growth and Newman
Closure stress ratio model parameters.

Cyclic loading growth model

Hyperbolic sine growth model:

Closure stress ratio model: Plot |

1—flR, 0,00 | Ol )

da
tog (G5) = G sinh (G (log (AKup) + G3) + Gy AKy = AK L
Model Iabel (optional): |
Description (optional): =
[
UﬂitSIIstress: unset length: unset temp: unset time: unset & Change |
a [ a | a [ a Alyea | Ko | o | o / ot |
A

Cancel | Back | et |

Figure 6.5.51 Dialog for entering temperature independent Hyperbolic sine growth and Newman
Closure stress ratio model parameters.
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Cyclic loading growth model

Closure stress ratio model: Plot |

Table lookup model:
1-— f{R1a1Jm:1:< .'Iafluw}

Table lookup for growth rate AKy = AK

1-R
Model label (optional): |
Description {optional): -
=

Units: Istress: unset length: unset temp: unset time: unset My Change |

Mumber of K values: I ] il Oax | Tl

K da / dt A

1A ARy, is the smallest AK value

2 /1 K I 0 A

3 M

4/ |

5 /i

Cancel | Back | [ et I!

Figure 6.5.52 Dialog for entering temperature independent Table lookup growth and Newman

Closure stress ratio model parameters.

6.5.1.4.1.9 Table Lookup Stress Ratio model

For a tabular stress ratio model, parameters for the associated growth rate model are specified for
various R values. For example, the specified values for a Paris model with tabular stress ratio
model would be

Rl > (Ca n, AKthresholda Kcritical)l
Ry, (C,n, AK yjreshotds Keritical)2

Ry, (C,n, AK ypyoshoids K eritical)3
M

Linear interpolation is performed to find the crack growth rate for any R value between two

specified values R; and R;y;. Thatis

di_da | RK (da_da
dN dN; R, —R;\dNis1 dN;
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If R is smaller than the smallest R specified, the growth rate corresponding to the smallest
specified R is used (if the user specifies that the values are capped, otherwise extrapolation is
done). Likewise, if R is greater than the greatest R specified, the growth rate corresponding to
the largest specified R is used (if the user specifies that the values are capped, otherwise
extrapolation is done).

For Table lookup growth rate and Table lookup stress ratio, FRANC3D interpolates using both
tables to find a crack growth rate for a given AK and R.

Given query values AK_ . and R crack growth rates are extracted from the table using the

query query>
following algorithm:

1. R, and R, values are found that bracket the query value, R, <R

query

<R,

2. AK,, AK,,, AK,,, and AK,, are found where AK,, <AK_, <AK, and

Tus query

AK ,<AK . <AK . with AK, and AK,, values associated with R, and AK, and AK ,

ul — query uu

values associated with R, .

3. Linear interpolation in log/log space is used to find intermediate growth rate data,

da (AK,,,R)) |log (AKquery/AK”)

da da dN
log(— J = log(—(AKu,R,)] +log
dN dN Z\lf (AK,.R) | 108 (2K, /AK,

and

da
KR [og (MK, /AK, )
R, | ls(AK,,/AK, )

da da
log (ﬁj =log (ﬁ (AKuzaRu)) +log

ul>

L
dN
4. Finally, normal linear interpolation is used to find the final growth rate

da da +( da da j (uneary - Rl)

dN ~dN, \dN. dN.) (R,—R)

Note that, as with all interpolation procedures, the accuracy of the results is dependent on the
density of the data available for interpolation. Very sparse tables can lead to inaccurate and, in
some cases, unrealistic crack growth predictions.

For each of the growth models paired with Table lookup stress ratio selected, the dialogs are
shown in Figs 6.5.53 — 57. The data should be supplied in ascending order with respect to R.
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Cydlic loading growth model

Paris growth model: Stress ratio maodel: Plat |
da /dN = C(AK4)" Table lookup for growth parameters

Model label (optional): |

Description (optional): Al
=

Units: Istress: unset length: unset temp: unset time: unset /A Change | |

Mumber of R values: I 5 | Byt I 0 A

" | ' | n | "j'l{rhmah |

1 /i |

2/

3 A

4 /i

5 /M

R value out-of-range
¥ Extrapolate ¢ Capped

|
Cancel | Back | [Hext ||

Figure 6.5.53 Dialog for entering temperature independent Paris growth and Table lookup stress
ratio model parameters.

Keriiicar 18 not a function of R; a single value is entered in the dialog (Fig 6.5.53) for all R values.
The value is saved in the .fdb and session ./og files for each R value; it should be constant,
however.
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Cyclic loading growth model

Bilinear Paris growth model: Plot |

Stress ratio model:

da CAK); for AKy < AK,,
Pl {C—zf:‘K:E for AK; > AK, Table lockup for growth parameters

Model label (optional): |

Description (optional): =
[~
Units: |stress: unset length: unset temp: unset time: unset Ay Change |
MNumber of R values: I 5 K(-reril 0 Ay
R | q | ™ | CIZ i | dmhmah |
1/ |
2 /M
3 /A
4
5 /M
| R value out-of-range I
& Extrapolate ¢ Capped ‘
Cancel | Back | [Mext

Figure 6.5.54 Dialog for entering temperature independent Bilinear Paris growth and Table
lookup stress ratio model parameters.

Cyclic loading growth model

Sigmoidal growth model: Plot |
p Stress ratio model:

P Q
% = B (iiﬁr:) + {lu (i‘;&:)} + {lu (Aff(é Ef)} Table lookup for growth parameters

L

Model label (optional): |

Description (optional): |
[l
Units: |stress: unset length: unset temp: unset time: unset Ay Change |
Number of R values: I 5 K«-n‘ril N
R | B | p | @ | b | AKiew |

1A |
2 /i
3 /A
4 /A
5 A\ |

R value out-of-range ‘
& Extrapolate ¢ Capped

Cancel | Back | [ext I

Figure 6.5.55 Dialog for entering temperature independent Sigmoidal growth and Table lookup
stress ratio model parameters.
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Cyclic loading growth model

Hyperbalic sine growth model: S Plot |

da
log (d_N) = € sinh (G (log (AK) + Cy)) + C; Table lookup for growth parameters

Model label (optional): |

Description (optional): =
El
Units: |stress: unset length: unset temp: unset time: unset & Change |
MNumber of R values: I 5 K.-n'ril 0 /A
R | a | o | a | AKpa |
1A |
2 /M
3 A\
4 M
5 A\

R value out-of-range

¢ Extrapolate ¢ Capped ‘

Cancel | Back | [ et

Figure 6.5.56 Dialog for entering temperature independent Hyperbolic sine growth and Table
lookup stress ratio model parameters.

Cydlic loading growth model

Table lookup model: Stress ratio model: Plot |
Table lookup for growth rate Table lookup for growth parameters

Model label (optional): |

Description (optional): |
[
Units: Istress: unset length: unset temp: unset time: unset /A Change | ‘
MNumber of R values: I 5 MNumber of K values: I 5
R | AK | da /dN |
1/ | 1/ |
2/ 2 M
3/ 3 A
4/ 4 A\
5 /M 5 /i
R value out-of-range AKp,., is the smallest AK value
¢ Extrapolate ¢ Capped Kot I 0 A
K.t does not change with R

|
Cancel | Back | [ext I

Figure 6.5.57 Dialog for entering temperature independent Table lookup growth and Table
lookup stress ratio model parameters.

b
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6.5.1.4.1.10 NASGRO Version 4 equation

NASGRO is a fatigue life prediction program initially developed at the NASA Johnson Space
Flight Center and now supported and maintained by Southwest Research Institute. Built into the
NASGRO program is an analytical crack growth rate equation that incorporates several features
observed in real materials such as sensitivity to near-threshold and near-critical growth,
sensitivity to the R-ratio, and small crack sensitivity. The cost for flexibility in the growth model
is that there are sixteen fitting parameters. Some are common material properties (e.g., yield
stress), but most must be determined by performing regression analyses on empirical data.

The NASGRO package includes a database of pre-computed parameters for a wide range of
materials and product forms. However, as of NASGRO version 4, this database is only
accessible to members of the NASGRO consortium. As a practical matter, this means that this
model will be most useful to users who have access to the NASGRO program and can access the
parameters for a material of interest (see NASGRO version 3 below).

The NASGRO version 4 crack growth rate equation, Fig 6.5.58, is:

da _ |(1-f ”(l_ﬁh}p
Al

dN ~
where C, n, p, and g are empirical constants. C and » are like the constants in the Paris and
Walker equations. However, while C in the Paris model should be selected to correspond to the
R of interest, and C in the Walker equation should be for R = 0, in the NASGRO equation the C
should correspond to a high R where closure effects are no longer significant (usually an R of
about 0.7)
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Cydic loading growth model

NASGRO growth model: Plot
da (1-§ g "(1— AK, | AK) Stress ratio model: —Dl
N = = [ =R AK (1__ ni 7K Table lookup for growth parameters

Model label (optional): INASGRO i

Description (optional): |
=
Units: Istress: unset length: unset temp: unset time: unset /M Change |
Yield al Kth(s)/Kth(l)

Alpha Smax/FLow

~ Threshold fanning exp | Cth value used in analysis | [ Threshold — 1 Toughness
| & Cth  Fth & 0 initially Alpha Smax/FlLow || T Use Klc |
“Negatve R ¢ 0 throughout - - & Use Kle |
" input value throughout " Use Klc(thickness)
c2 I 1 p g
™ Suppress closure :
Thickness I—o

Browse | Wirite |

Cancel | Back | Jext

Figure 6.5.58 NASGRO version 4 growth rate model dialog.

/s the function associated with Newman closure. AK,, is the threshold stress intensity factor
range below which there is no crack growth. It is approximated by the following empirical
equations:

(1+RC,;,)
J|1-R ,
AK, [} (1-A4)"0%  R>0

1-f
AKth - 1—R (1+RC)
AKI*L} (1—A4,) "D R <0
-/

where
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and C,, is an empirical constant, AK, is the observed threshold for a high R-ratio, and «, is a
small crack parameter (usually 0.0015in, 0.0381 mm).

K. is the fracture toughness. In FRANC3D, one has the choice to use the plane strain fracture
toughness, K, the part-through toughness, K, , or compute it from:

K, =K, (1+Be /")

where
2
ty=25(K, /o)

A, and B, are empirical constants, and 7, the "thickness", is specified by the user (in 3D
applications the notion of thickness is not well-defined, and engineering judgment must be used
to set this value).

More details about this model can be found in the NASGRO theory manual. Note that
FRANC3D expects consistent units for the model parameters; in particular, the length units for K
and C must be the same.

The Write button allow one to save the parameters in this dialog to a file. The Browse button
allows one to read this saved data from a file.

6.5.1.4.1.11 NASGRO Version 3 equation

NASGRO version 3 is an earlier version of the NASGRO crack growth rate equation. The
current version of the equation (version 4) does a better job of modeling observed crack growth
rates for some conditions. This earlier version is included in FRANC3D because version 3 of
NASGRO, the last public domain version, included a database of equation parameters for a wide
variety of materials and product forms. That database is accessible from within FRANC3D.

The NASGROV3 crack growth rate equation is slightly different than version 4 equation. The
base equation is the same:

o J(1=1] )

av~ [\U-R N
1_ max
KC

The difference has to do with how threshold values are computed. In version 3, the expression is

152



1+CthR
AK”’_AKO\/amO/ (1 AO)(I R)J

where ( is the crack length and 4() has a fixed value of 0.0015 in (0.0381 mm).

Fig 6.5.59 shows the dialog for entering the NASGRO model parameters. The NASGRO
version 3 material database contains data for a wide variety of materials, and this data is included
in FRANC3D and accessible by selecting the Material Properties Database button.

Cyclic loading growth model

MASGRO v3 wth model:
gron e Stress ratio model: ﬂl
da _ A[O=D 4p (1- AK,, | AK)"
dN " [(1-R) (1K [ K

Table lookup for growth parameters

Model label (optional): INASGRO w3

Description (optional): =
=
Units: Istress: unset length: unset temp: unset time: unset Ay Change |
UTS: Yield: K1e:
& Kle
Cth: alpha: Smax/Flow: Thickness

Kl

-------I O - i

Material properties database |

|
Cancel | Back | Iext |‘

Figure 6.5.59 NASGRO version 3 growth rate model.

The dialog boxes shown in Fig 6.5.60 allow the analyst to automatically fill in the required
NASGRO v3 parameter fields from this database.
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Masgro v3 material database

Select units

& Metric units (MPa,mm)
 US customary units (ksiin)
MNote that the units are pre-defined!

Masgro v3 material database

Select NASGRO matenial

< IROM, ALLOY OR CAST

< ASTM SPEC. GRADE STEEL

O AISI STEEL

C MISC. U5, SPEC. GRADE STEEL
< TRADE/COMMON MAME STEEL
@ AIS| TYPE STAINLESS STEEL

C MISC CRES/HEAT RESISTANT STEEL
< HIGH TEMPERATURE STEEL

< TOOL STEEL

C 1000-3000 SERIES ALUMINUM

C CAST AND MISC. ALUMINUM

C TITANIUM ALLOYS

C NI ALLOYS/SUPERALLOYS

C MISC. SUPERALLOYS

< COPPER/BROMZE ALLOYS

C MAGNESIUM ALLOYS

< MISC. MON-FERROUS

Cancel | <]| Back

| Next [» I

Cancel | <] Back |

Masgro v3 material database

Select NASGRO matenial

® AIS| 300 series

Masgro v3 material database

Select NASGRO matenial

@ 301 annealed < 301 full hard
> 308 annealed 316 20% cow.
2 301 1/2 hard © 304 annealed
2 316 annealed

Cancel | <] Back

Cancel |
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Masgro v3 material database Masgro v3 material database

Select NASGRO material Fatigue properties
@ Ann Sht & plt AISI TYPE STAINLESS STEEL
AlSI 300 series
301 annealed
Ann Sht _plt
Label:  |F3AA13AB1 —
UTS: 620.55
Yield: | 2758
K1e: 9730
Klc: 6950
Ak: 1|
Bl 05
al- 0.0381
| | C: 3.63218e-13 |
n: 3
| | — |
Cancel | <] Back | Cancel | <] Back | Einish |

[ % [ %

Figure 6.5.60 NASGRO version 3 material database dialog boxes

6.5.1.4.1.12 Modified Hartman-Schijve
The Modified Hartman-Schijve growth model is shown in Fig 6.5.61.

Cyclic loading growth model

Modified Hartman-Schijve growth model: Plot |
da AK — AK ] Stress ratio model:
N = o === Table lookup for growth parameters
\/1 - KITI:L'( f‘r Kc

Model label (optional): |

Description (optional): =
=
Units: Istress: unset length: unset temp: unset time: unset & Change |
D | = "jf{rhmah | ‘K«:r‘ir |
N
Cancel | Back | [ext

Figure 6.5.61 Modified Hartman-Schijve model.
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6.5.1.4.1.13 User-defined model

The user-defined option will be active if the user has included the Python extensions and
appropriate Python functions. This is described in Section 14.6.

6.5.1.4.1.14 Temperature dependent growth rate

Temperature dependent growth rate models are implemented in a tabular manner. Growth model
parameters are specified for several different temperatures, and interpolation is performed among
the computed da/dN values. For example, the specified data for a temperature dependent paired

Paris/Walker growth model would be

Temperaturey, (C,n, AK threshoids Keritical, M+ m_)l

Temperaturey,(C,n, AK yo5n01ds K criticat, M+ m=)2

Temperatures,(C,n, AK . roshoids K criticals M+m=)3
M

Three different interpolation options are available: closest, next highest, and linear interpolation.
For closest interpolation, da/dN is determined for the tabular temperature closest to the input

value. For next highest interpolation, da/dN is determined for the next tabular temperature

higher than the input value. The expression for linear interpolation between two tabular values i
and i+1 is

da da N Temperature —Temperature; ( da  da

dN dN; Temperature;,|—Temperature; \ dNi+1 dN;

If the input temperature is smaller than the smallest temperature specified, the growth rate
corresponding to the smallest specified temperature is used (if the user specifies that the values
are capped, otherwise extrapolation is done).. Likewise, if the input temperature is greater than
the greatest temperature specified, the growth rate corresponding to the largest specified
temperature is used (if the user specifies that the values are capped, otherwise extrapolation is
done).

The temperature dependent dialogs for the Paris growth model are shown in Figs 6.5.62 — 65.
Note that data should be supplied in ascending order with respect to Temperature.
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Cyclic loading growth model

Figure 6.5.62 Paris temperature dependent model with no stress ratio model.

Cydlic loading growth model

Figure 6.5.63 Paris temperature dependent model with Walker stress ratio model.
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Cyclic loading growth model

Cyclic loading growth model

Figure 6.5.65 Paris temperature dependent model with Table lookup stress ratio model.
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The temperature dependent dialogs for Bi-linear Paris, Sigmoidal, Hyperbolic sine and Table
lookup are all similar.

6.5.1.4.2 Growth Rate Model: New Model - time dependent loading

There are five time-dependent growth models, Fig 6.5.66; these are described in the subsections
below. Each of the models can be temperature dependent or independent, Fig 6.5.67, like the
cyclic growth rate models.

Tirne dependent model

Growth rate model:

& Power law

¢~ Terachi SCC model

" Zencrack COMET model
" Table lookup

1 User madel

Qancell Back | Mext I

Figure 6.5.66 Dialog to select a time dependent growth model type.

Time dependent model

& Temperature independent model

" Temperature dependent model

Qancell Back | Mext |

Figure 6.5.67 Dialog to specify temperature dependent or independent for time dependent
growth model.

6.5.1.4.2.1 Time Dependent Power Law

The dialog to specify the power law time dependent growth and temperature independent model
parameters is shown in Fig 6.5.68. Again, as for cyclic loading, Units must be specified. For
time dependent rates, the threshold (Ku) is an actual K value rather than a AK value. If Knolq 1S
below this value for any crack front point, there will be no time dependent crack extension for
that point.
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Tirme dependent growth model

Growth rate model: Pt |

da/dt = AK™
Model label (optional): |
Description (optional): =
=
Units: Istress: unset length: unset temp: unset time: unset /Ay Change |
A | m }(Hm:s.h | K-r‘if |

[/

Cancel | Back | Einish |

Figure 6.5.68 Dialog box for entering time dependent power law growth model parameters.

6.5.1.4.2.2 Time Dependent Terachi SCC

The dialog to specify the Terachi stress corrosion crack (SCC) time dependent growth model
parameters is shown in Fig 6.5.69. The dialog is like that of the Power law model. However, the

equation is a function of the material yield stress.

Tirme dependent growth model

Terachi SCC model: Plot |

dafdt = AcjiKi'e 9T

Model label (optional): |

Description (optional): [=

|
Units: Istress: unset length: unset temp: unset time: unset & Change |
A | m | n | Q | I{le’\‘.&.h | K;-r:'r | Ors |

A

Cancel | Back | Finish |

Figure 6.5.69 Dialog box for entering time dependent Terachi SCC growth model parameters.
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Yield Stress can be specified as constant or can be given in a table. For the Table option, pairs of
numbers are given that specify a depth from the nearest surface and a corresponding yield stress.
Linear interpolation is performed within the given values, with the minimum and maximum
values assigned to crack front points whose depths fall below or above the given depths,
respectively.

6.5.1.4.2.3 Zencrack COMET model

The dialog to specify the Zencrack COMET time dependent growth model parameters is shown
in Fig 6.5.70. The exponent is temperature dependent and must be set here.

Time dependent growth model

Zencrack COMET model: Flot
& AE_B"IT' lf1 T = T;fl +T3ri(r|d
E = D{K}” where D = E{T_Tr‘f|}F1 if1 T:J’l = T = Tr‘fl +Tzrfuld
0, if, T < T
Mode! label (aptional): |
Description (optional): -l
=l
Units: [stress: unset length: unset temp: unset time: unset & Change |
Mumber of Temperatures: I 5 A | B Ty | Titena |
T | n [flaf
1/ |
2 /i
3/
4 A
5 /M

Temperature value in-range
& Interpolate ¢ Closest
* Next highest

Temperature value out-of-range

' Extrapolate ¢ Capped

Cancel | Back | Einish I

Figure 6.5.70 Dialog box for time dependent Zencrack COMET growth model parameters.

6.5.1.4.2.4 Time Dependent Table Lookup

Time dependent growth can be entered using a Table lookup model, Fig 6.5.71. Interpolation is
done based on the K values to obtain the da/dt. Note that data should be supplied in ascending
order with respect to K.
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Time dependent growth model

Table lookup model: Plot
Table lookup for growth rate

Model label (optional): |

Description (optional): =
=l
Units: Istress: unset length: unset temp: unset time: unset /My Change |
|
MNumber of K values: I b K«-rfrll 0 A
K | dajdt |
1/ |
2/
3 A
4 /A
5 /i

Kippe, 1s the smallest K value

Cancel | Back | Emrsh I

Figure 6.5.71 Dialog box for entering time dependent Table lookup data.

6.5.1.4.2.5 User model

The user-defined option will be active if the user has included the Python extensions and
appropriate Python functions. This is described in Section 14.6.

6.5.1.4.2.6 Temperature dependent time dependent growth
As with the cyclic growth rate models, the Power-law time dependent growth model can also be

temperature dependent. The dialog shown in Fig 6.5.72 is for the power-law time-dependent
model. Fig 6.5.73 shows the dialog for Table lookup.
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Growth rate model: Plot |

da/dt = AK™
Model label (optional): |
Description (optional): =]
[
Units: Istress: unset length: unset temp: unset time: unset /M Change |
Number of Temperature values: I 4]
T | A m | Kihreoh | K i |
1/ |
2 A\
3 A
4 A
5 /i
Temperature value in-range Temperature value out-of-range
& Interpolate ¢ Closest & Extrapolate  Capped

" Next highest

Cancel | Back | Einish I

|

Figure 6.5.72 Dialog for entering temperature dependent time dependent Power law data.

Time dependent growth model

Table lookup model: Plot |

Table lookup for growth rate

Model label (optional): I

Description (optional): Al
=
Units: Istress: unset length: unset temp: unset time: unset Ay Change |
MNumber of Temperature values: I 5 MNumber of K values: I 5
T | K | da/dt |
1/ | 1A |
2 /M 2 A
3 A 3/
4 /M 4 A
5 M 5 /i
T value in-range Kippes is the smallest K value
& Interpolate ¢ Closest K. I 0 A
& Mext highest
T value out-of-range
& Extrapolate ¢ Capped

Cancel | Back | Einish I

Figure 6.5.73 Dialog for entering temperature dependent time dependent Table lookup data.
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6.5.1.4.3 Growth Rate Model: Read From File
The Crack Growth Rate Model Read From File button (see Fig 6.5.8) allows one to read a crack
growth model that was previously defined and saved to a file. This file contains only crack
growth rate information. It is used in conjunction with the Save To File button in Section
6.5.1.4.6. It is an ASCII text file and should contain this data “block™:

CRACK_GROWTH_RATE

(

VERSION: 2

)

6.5.1.4.4 Growth Rate Model: View/Edit da/dN

The Crack Growth Load Schedule View/Edit da/dN button (see Fig 6.5.8) displays the
previously defined cyclic loading growth rate model in the dialog.

6.5.1.4.5 Growth Rate Model: View/Edit da/dt

The Crack Growth Rate Model View/Edit da/dt button (see Fig 6.5.8) displays the previously
defined time dependent growth rate model in the dialog.

6.5.1.4.6 Growth Rate Model: Save To File
The Crack Growth Rate Model Save To File button (see Fig 6.5.8) allows the user to save the

growth model to a file. This file contains only the crack growth rate information; it is used in
conjunction with the Read From File button in Section 6.5.1.4.3.

6.5.1.5 Subcritical Mixed-mode equivalent K

The equivalent K or AK can be defined using only Mode I (KI) or using all three Modes, Fig
6.5.74. If the K®™"" is based on all three SIF modes, the sign can be set based on the sign of K,
K or Kiir or it can be set as always positive or always negative.
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Mixed-mode equivalent K

o Equiv _ . v 2 2
K =K O G J K§ + (g + K

g 0 ym: ] 0

sign: o fromE;  fromKy O from Ky " always positive {  always negative

Figure 6.5.74 Equivalent K options.
If the SingleCrystal menu is active, the dialog will include an additional option, Fig 6.5.75, that
allows one to use Krss as K®""; Section 12 will describe the single crystal options in more

detail.

Mixed-mode equivalent K

&R R o = \/I{E+(T[[K”j2 T

I

C K™ = Kpss o o w0
S1dT nositive € always n

& womK CwomKE; © omKy Calways pos

Figure 6.5.75 Single Crystal Equivalent K options.

6.5.1.6 Subcritical Effective dK

There are several options for how AK is computed. The default behavior is to simply compute
AK = Kimax — Kmin. In cases where the minimum loading at the crack front is compressive (and
contact elements are not explicitly inserted into the crack faces to prevent crack overlap), the
computed Kmin and corresponding stress ratio (R) will be negative. Such crack face overlap is
physically unrealistic, but it is customary practice to accept the negative values, and meaningful
engineering predictions can be performed with these values provided the appropriate parameters
are used with the growth rate and/or stress ratio models.

Optionally, FRANC3D can be instructed to compute a more physically realistic AK that only
considers portions of a load cycle where the Ks are positive. That is:

AK = KmaX_Kmin imein>O
K rrax if Koy <0

Effective values of the stress intensity factor range and R account for the situation where the
crack is closed during a portion (or all) of a load cycle. The default behavior in FRANC3D is to
check for a closed crack for the complete cycle and to set the stress intensity factor range and R
to zero:
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A Kequivalent_ 0 Kﬁqﬁl;(zvalents 0
effective A Kequzvalent Krerq]at;(zvalent> 0

and
Requivalent_ 0 Kﬁ%iwalemg 0
effective Requzvalent Kre}q]al,;{lvalent> 0

This default behavior allows for negative R values.

FRANC3D allows the option to truncate the stress intensity factor range to eliminate the negative
(closed) portion of the cycle. In this case, the expressions are:

0 ]<renqaL)t(ivalentS 0
AKggélcl;’iL‘l}iemz AKequivalent I<Iel%ztlvalentZ 0
KIeI%L;(lvalent Kﬁzgtvalent< 0

0 I<Iencglb)t(ivalentS 0

ggélcl;iient: Requivalent I<Ien(%r11:lvalent2 0

0 Kiz;tivalent< 0

Note that there are several mechanisms that have been identified as being able to keep the crack
closed even when the current "remote" loading is positive. The most significant is plasticity-
induced crack closure. This is one proposed explanation for the observed dependency of crack
growth rates on the R. The effective values computed here do not explicitly account for this
(plasticity-induced closure is treated implicitly by some of the available crack growth rate
models), they only consider "global" closure where the currently applied "remote" load is
negative.

6.5.1.6.1 Load Interaction Model

The Willenborg model can be used to set the effective AK, Fig 6.5.76. Once the box is checked,
the Set/Edit Parameters button is activated; clicking the button leads to the dialog in Fig 6.5.77.

Effective delta K
& ARy = Kpox — K O ARy = Koy — max (K, 0)

¥ Use load interaction model & Set/Edit parameters |

Figure 6.5.76 Load interaction model check box.
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6.5.1.7 Subcritical Integration Options

There are two options that affect how the crack growth integrations are performed when
computing total life (see Fig 6.5.8). If the Accelerated counting option is selected (the default),
FRANC3D will try to use an accelerated cycle counting algorithm based on Runga-Kutta
integration. If this option is turned off, FRANC3D will perform cycle-by-cycle counting. The
accelerated counting might be slightly less accurate than cycle-by-cycle counting, but usually the
difference in the computed fatigue lives for the two methods is less than 1-2% of the total cycle
count. On the other hand, for analyses where the per cycle crack extension is small, for some
models, the accelerated counting has been shown to give greater than 1000x reductions in the
time required to compute total fatigue lives.

Load sequence parameters
Willenborg model
‘rfl(ll[.n:c = Ky — Kg JF-{l(ll[irn = Kyuin — Ky
Aa 7 K \
Ky = ¢| K2 [1—- —— K N
. ( W\ %o = g\258a,,

& Generalized Willenborg

AK .
& - (1-552)/ (Rso - 1)

Shutoff ratio, Rgq: I 9

" Modified generalized Willenborg

& — ] 25230, /(L0+3.5(0.25— Ry, ™) for Ry = Ky [ Ky < 0.25
1.D fO[‘ RL"L = I{L.'Ll."l.lr{{”_ e D.EE

By | 1
Yield stress

& Constant s’ - " Temperature dependent
Cancel |

Figure 6.5.77 Willenborg load sequence parameters dialog.

Set/Edit

The Constant K for time integration option can be set to speed-up the integration of time
dependent growth. In general, the stress intensity factor will be function of time, so FRANC3D
evaluates the integral:

t
Aa :J-A'Khold(T)m dr
0
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where ¢ is the hold-time. The integral is evaluated using Runge-Kutta integration.

If, however, the crack growth over a hold interval is small, K can be assumed to be constant
during the interval leading to the (much faster to evaluate) expression:

Aa=A-Kjp -t
If this option is selected, FRANC3D will assume that K is constant over all time intervals.

The user can choose between Runge-Kutta (RK) and Cycle-by-cycle (CxC) integration to
compute life or cycles. A 2" order RK approach is implemented, Fig 6.5.78.

a

da

Aay = AN x 24
1 X céN (ay)

. 3 a

N e o) rey- 006 Loy 1)
computed Aa g 3
i E aN+AN=aN+Aa2 +O(AN J
a_\' ----------- - ' E
: i N

N Nilay N+AN

| ]

i
specified AN

Figure 6.5.78 Second order Runge-Kutta integration.

6.5.1.8 Dynamic Pairing Metric

There are two options, currently active, that determine the dynamic pairing. The AK is the
standard default, but da/dN can be chosen instead.

6.5.2 Quasi-static crack growth

The first dialog of quasi-static crack growth, Fig 6.5.79, is the same as for subcritical crack
growth. The method for computing the kink angle must be specified (see Section 6.5.1.1).

The next dialog, Fig 6.5.80, allows the user to specify the power (n) for the growth model, as
well as specifiying the K®®" and the load step(s) to be used. The extension at all crack front

points are computed based on the simple power law, Fig 6.5.81. The sign for K% can be set
(see Section 6.5.1.5).
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Kink angle model

Maximum kink-angle (deg):
g i

Figure 6.5.79 Kink angle model panel.

Quasi-static growth parameters

Figure 6.5.80 Quasi-static growth parameters panel.

169



predicted new
S crack front

point i — \"‘-.‘I\Aa,- computed

point with the : extension
median K value \\
/> Aa,, specified
current ' extension

—
crack front w

Figure 6.5.81 Quasi-static crack growth.

The default value of n is set to 2. This is based on a simplified analysis of crack front node
interactions. Consider a crack front with nodes i1 and j as shown in Fig 6.5.82. If we ignore
interactions among nodes:

K=K .= Gi\/?‘if(ai) =(0o; "‘Aai)\/”(ai +Aa;) f(a;+Aq;)

\/(ai +Aa;)w = Gi\/;dif(ai)

(0;+A0;)f(a; +Aq;)
- 12
Ag = M| Cinmaif(a;) .
: wl(o;+Ac;)f(a;+Aa;)_ :
- 12
1 K,
Aal' = — —al'
7l (o;+A0;)f(a;+Aq;)

Aa; ~ K?
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Figure 6.5.82 Nodes i and j on crack front.

6.5.3 User-Defined crack growth

User-defined crack growth is activated if the user has pre-defined Python extensions; this is
described in Section 14.6.

6.5.4 Read growth parameters from a file

The user can save the crack growth model data to a file after defining it, and this file can be read
back into FRANC3D. This is especially useful for the subcritical crack growth. This file is an
ASCII text file and contains both the load schedule (see Section 6.5.1.3) and the crack growth
rate (see Section 6.5.1.4) data.

6.5.5 Crack growth front fitting
Once the crack growth model has been defined, FRANC3D will display the computed crack
growth, Fig 6.5.83. The crack extension can be adjusted in this dialog if needed. The computed

new-crack-front points are smoothed and extrapolated (for surface flaws); there are several
options for this.
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Crack growth
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Figure 6.5.83 Crack growth display dialog.

Specified extension or number of cycles or elapsed time can be chosen to adjust the amount of

crack extension. The cycles and time options are available if the crack growth model includes

such.

Note that a scale node of 0.5 represents the median; extensions are sorted from minimum to
maximum, and the scale node varies from 0 to 1. For a specified median-extension, the crack

extension at crack front point i is computed from the expression:

Aa, = Aa

da

— (AK,R,...
le( [} )

median| da

dN ” ( median’Rmedian"")
median
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where Aa,,,,..,is the crack extension specified for the point with the median stress intensity
factor range (Fig 6.5.84), da/dN, is the crack growth rate computed at point i using the specified
growth rate model, and da/dN . is the crack growth rate computed at the crack front point

with the median stress intensity value. The crack growth rates at crack front points will be
functions of the corresponding AK', R, and other growth model parameters.

predicted new
b S crack front

point i — \ Aa; computed

: extension

[ da, specified
' extension

point with the
median K value

current
—
crack front

—"

Figure 6.5.84 Computed extension based on specified median extension.

Note that the selection of the reference A& value is arbitrary. The maximum, minimum, and
average AKX are reasonable values to consider. The median value is used by default in
FRANC3D because experience shows that the maximum and minimum values frequently occur
where a crack front meets a free surface where the accuracy of the computed stress intensity
factors are known to be least accurate.

In some cases, the inaccuracy of these maximum and minimum values can lead to a very
unintuitive relationship between the reference specified amount of crack extension and the actual
predicted crack front. In extreme cases, inaccurate maximum and minimum values can have a
significant impact on the average value leading to unintuitive behavior for this measure also.

The scale node setting allows the user to alter the location of the specified extension. The
extensions are sorted from minimum to maximum, and the scale node can vary from O to 1. For
example, setting the scale node to 1 means that the specified extension will be applied at the
crack front location where the maximum extension is computed. The Aa; are computed relative
to this location (and its corresponding values SIF, growth rate, etc.).

The expression for crack extension at crack front point i using the specified cycles option is

da

Aa, =N x
dN

(AK,R,..)
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where N is the specified number of cycles and da/dN, is the crack growth rate computed at point
i using the specified growth rate model.

The specified number of applied-cycles approach seems more intuitive than the specified median
crack front extension approach for many analysts. However, the fatigue crack growth models are
highly nonlinear functions so trial-and-error might be required when using the specified cycles
approach to find the number of cycles that does not give excessively large or small predicted
crack extensions. Excessively large values might give inaccurate results, while excessively small
crack extensions might require many growth steps or, in some cases, might cause meshing
problems.

6.5.5.1 Multiple crack front fitting

For a model with multiple crack fronts, there is an extra panel on the left side at the bottom, Fig
6.5.85. The Grow crack fronts pane allows one to turn off crack growth or to scale the extension
for a particular crack front. The growth of multiple crack fronts is treated in the same manner as
a single crack front — all the SIFs for all the fronts are examined to find the median value and
then all crack front extension is computed as described above.

Crack Extension Front Fitting Options
{* median extension: 0.075 Fitfront: | g ~
- 1000 0 " KinkaAngle/Extension Poly Fit polynomial order: 3
v ’70 Iiﬂ @' Fixed Order Poly Through Points  exrapolate (3): 9 q
" Multiple Poly Through Paoints . L
Edit Growth Params | show siF's| - ignore nend points: | 0 | 0
Estimated Increments " Cubic Spline 2
0 0 " Moving Polynomial Kink Angle: Display| Save
’70 Iiu " Mo Smoothing Extension: Display| Save
I Save fritand crkfiles
EENEEEITLLE Display front points: & big & med  small
front | arow |  factor |
0 7 1.000000
1 I 1.000000
2 v 1.000000
3 I 1.000000

Figure 6.5.85 Crack growth extension and fitting options for multiple crack fronts.

6.5.5.2 Front fitting options

The Front fitting pane includes options for curve fitting, fields for extrapolating the ends of the
fitted curves, and the option to discard crack front points at either end. The curve-fit options are:
1) kink angle/extension poly, 2) fixed order poly, 3) multiple poly, 4) Hermitian, 5) cubic spline,
6) moving poly, and 7) no smoothing. These are described in the following sub-sections.
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The polynomial order for any of the poly-fitting options can be set in the fixed poly order field.
The default order is 3.

The ends of the fitted curves can be extrapolated to ensure that the curves intersect the model
surface. It is required that the crack surface geometry intersect the model surface. New crack
surface geometry is created between the current and new crack fronts. FRANC3D tries to ensure
that the curves are extrapolated far enough, but the user also can visually determine whether the
extrapolation is sufficient (or too much).

A set of points at either end of the crack front can be ignored. If the end points cause problems
in fitting or extrapolating, the user can ignore some of these end points.

The Save .frt and .crk files option allows the user to save the new front points and the new crack
geometry to a file before inserting it into the model. The .f¢ file can be read using the Read
Crack Growth wizard, which is described in Section 6.6. The .crk file can be read using the
Flaw From Files option, see Section 6.2.

The Kink Angles and Extension buttons bring up plots of the computed kink angle, Fig 6.5.86 —
left panel, and crack front extension, Fig 6.5.86 — right panel, along the crack front, respectively.

B XY Plot RS w7 xvPiot |
Crack front: 0; Order: 3; Cor coeff 0.976271 Crack front: 0; Order: 3; Cor coeff: 0.976271
0.016
0.0030 | o
0014
'lth -0.0030 [ éi
d i 0012 |
3 g
0015 |
0.0100 [
0025 I I I I I I I I 0.0080 I I I I I I I I
-0.400 0.0000 0.400 0.800 1200 0.400 0.0000 0.400 0.800 1.200
X X
Return | Return |

Figure 6.5.86 Plots of kink angle and crack front extension along the crack front.

6.5.5.2.1 Kink Angle/Extension Poly Fit

Using the kink angle and extension data, a best fit polynomial is fit through the kink-angle and
extension data, using the polynomial order from the fixed poly order field. The curve-fits can be
extrapolated, and then new extrapolated crack front points are defined based on these and the
existing crack front geometry.
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As an example, consider a penny-surface crack with the kink angle and extension from Fig
6.5.86. The initial crack boundary edges, the actual crack surface, which is shaded grey, the new
front points as green dots, and the curve fit shown as a blue line are shown in Fig 6.5.87. The
black dots on the original crack front correspond to the fitted front points, where the extension
and kink angle are applied to produce the new fitted points. The kink angle and extension curves
are extrapolated to compute these new end points that fall outside the model.

-

Figure 6.5.87 New front fit based on kink angle and extension curve-fits.

6.5.5.2.2 Fixed order poly through points

The fixed order polynomial option is the simplest and the most used fitting option. A polynomial
fit through the new front points in Cartesian space is based on a least-squares fit. The order of
the polynomial is provided in the fixed poly order field. This polynomial can be extrapolated a
small distance to make sure the new front intersects the model surface. Best results are obtained
with low order polynomials and limited extrapolation; if the crack front does not suit a simple
polynomial, one of the other fitting options should be chosen.

6.5.5.2.3 Multiple poly through points

For long shallow crack shapes, the multiple polynomial fit might be the best option. This option
uses three polynomials. The number of points in the two end polynomials versus the middle
polynomial can be adjusted using the multiple poly ratio. The ends of the polynomials are
blended, but kinks can be created so this option should be used with care.
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6.5.5.2.4 Hermitian closed poly

The Hermitian polynomial is used for fitting closed crack fronts such as interior cracks. It is not
active if all cracks are open-ended surface cracks. The Hermitian fit is performed using four
equal segments; thus, it works best for circular shapes.

6.5.5.2.5 Cubic spline

A cubic spline fit can be used for crack fronts that do not allow for a simple low order
polynomial fit. A cubic spline will follow arbitrary curves. The ends of the crack front are
extrapolated using a linear segment through the end points for open-ended surface cracks. This
option is comparable to the moving polynomial described next.

6.5.5.2.6 Moving polynomial

A moving polynomial fit uses the polynomial order given in the fixed poly order field. A subset
of the crack front points is used for successive curve fits, moving along the full crack front in
increments from one end to the other. Like the cubic spline fit, this option is good for arbitrary
curves. The ends of the crack front are extrapolated using a linear segment through the end
points for open-ended surface cracks.

As an example of crack fronts that do not work well with a simple polynomial fit, consider the
crack fronts in Fig 6.5.88. Fig 6.5.89 shows these same crack fronts using a moving polynomial
fit; comparable results can be obtained for cubic spline fits.

For the left-side crack in Fig 6.5.88, an 8" order polynomial fits the data, but extrapolating such
a high order polynomial does not work well; in this case the extrapolated curve does not intersect

the model surface. In the second example, a 12 order polynomial cannot capture the curve.

Fig 6.5.89 shows a moving polynomial (or spline) fit that matches the data and provides
extrapolated end points that are outside the model.

For crack fronts with concave segments, new crack front points can overlap depending on the

amount of extension. The moving polynomial (and cubic spline) fits look for reversals in the
crack front points, and points are discarded if this happens.

6.5.5.2.7 No smoothing

The final fitting option removes all smoothing, but the ends can be extrapolated. The
extrapolation of the ends is based on a simple fit through a small set of points at each end.
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Figure 6.5.89 New front fit based on a moving polynomial fit.

6.5.6 Crack growth front template mesh

The final crack growth display wizard panel, Fig 6.5.90, allows one to set the crack front mesh

template parameters. The model is displayed in the upper window, and the user can select a

camera position that shows the template. The lower third of the window contains one pane for

the template parameters.

Most of the template parameters and buttons are identical to those for inserting a new crack, see

Section 6.1.23. The template radius can be set as an absolute value or as a percentage of the

crack extension; the choice should depend on the model and expected growth behavior.

Sections 8 and 9 of the Users Guide provide guidance for setting the template radius and the

crack growth increment.
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Crack growth
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Figure 6.5.90 Crack growth - front mesh template.

6.6 Read Crack Growth Wizard

The Read Crack Growth wizard consists of two panels. The first, Fig 6.6.1, allows the user to
specify the file name containing the new crack front points. The points are displayed along with
the crack. Ifthere are multiple crack fronts, separate files can be specified for each front if

needed.

The format for this file is simply: "x y z"; one set of coordinates per line.
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Figure 6.6.1 Read new crack front - file import dialog.

The second panel, Fig 6.6.2, displays the new front points within the model and allows the user
to specify the fitting, extrapolation, and template parameters. The front fitting options and flaw
template panes are described in Sections 6.5.5 — 6.5.6.

The template is off in Fig 6.6.2; it can be turned on using the Template check box under Display
on the right side
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Read Crack Growth
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Figure 6.6.2 Read crack growth - display panel.

6.7 Grow/Merge Cracks Wizard

The Grow/Merge Cracks allows semi-co-planar cracks, whose advancing crack fronts intersect,
to be merged to create a single crack. The dialogs for computing SIFs and setting crack growth
parameters are described in Sections 6.4 and 6.5. The difference is seen when the crack growth

is displayed, Fig 6.7.1.

The Growth & Merge dialog allows the user to adjust the extension (or cycles) to ensure the
fronts intersect at a reasonable location to create a merged front. The fitting options are limited
to cubic spline and moving polynomials. The ends of the curve must intersect the model surface,
so the user is able to adjust the amount of extrapolation.
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Crack growth & merge
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Figure 6.7.1 Grow/Merge Cracks — two co-planar cracks whose advancing fronts intersect.

Select Next to define the template mesh for the merged front, Fig 6.7.2. The template mesh
radius might need to be adjusted to obtain a reasonable mesh at the point where the fronts merge.
Select Next to complete the process of merging and subsequent insertion and remeshing of the
model. The result should be a merged crack as shown in Fig 6.7.3.

Section 8.4 of the Users Guide describes a current limitation to merging.
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Crack growth & merge
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Figure 6.7.2 Grow/Merge Cracks — two co-planar crack fronts merged with template mesh.

z

-

Figure 6.7.3 Two co-planar cracks merged.
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6.8 Edit Crack Geometry

The Edit Crack Geometry dialog, Fig 6.8, provides some options to display and modify the crack

surface geometry. The crack geometry along with the uncracked FE model is displayed. The

left side pane provides options for modifying and displaying the current crack geometry.

The Replace crack with edited version button (bottom right in Fig 6.8.1) will replace the crack
geometry, currently attached to the model, with the edited geometry. If there are problems when
trying to grow the crack, editing the geometry might allow the crack to grow.

Edit crack geometry

File

Add face Pick Points
Delete faces Pick Face
Split edges Pick Edge
Split faces Pick Face
Add front Pick Edge
Delete front Pick Edge
Pull boundary  Pick Point
Duplicates Show
Extend Preview
Map Crack Preview
Smooth Preview
Coarsen Preview
Trim and fill Preview
Flatten Preview

JEELEEEREREEEE

Reset Original Crack Geometry

Feature display:
W crack edges [ vertex ids
™ crackfaces [~ face ids
W crack fronts [ normals
I boundary [" gaps
™ face kinks

kink angle: | 165

6.8.1 File menu
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View options
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Capture image

B O || @y

Replace crack with edited version...

Figure 6.8 Edit Crack Geometry dialog.

There are three menu items under File, Fig 6.8.1. Read .crk file allows the user to read a .crk file
in place of the current crack. Save crack to .crk file allows the user to save the current “edited”
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crack to a .crk file, and Save crack to .stl file saves the current crack to a .stl file. Note that the
.stl file will only contain the triangular facets.

6.8.2 Add face

Edit crack geometry

| File

Read crk file

Save crack to _crk file

s

Save crack to stlfile |, |

Split edges Pick Edge |

Figure 6.8.1 File menu for Edit Crack Geometry dialog.

The Add face option allows one to create a new triangular Bezier patch. Use the Pick Points
button to collect two corner points of a new triangular patch; the points must already exist, Fig
6.8.2. Once the points are collected, use the Add button to create the patch.

Edit crack geometry

File

Addface [Pk Pomts
Delete faces

Feature display
P crack adges [ vertex ids
I crack faces ™ face ids
F crackfronts [ nomals
I boundary I gaps
™ face kinks

Edit crack geometry

File

o

Figure 6.8.2 Add face by picking two existing corner points and then clicking Add.

6.8.3 Delete faces

The Delete faces option allows one to remove triangular Bezier patches. Use the Pick Face
button to collect the patches, Fig 6.8.3, and then use the Delete button to remove them.

Add face
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Splt edges

Spl faces.

Add front

Pull baundary
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Edit crack geometry
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Figure 6.8.3 Delete faces by picking existing faces and then clicking Delete.

6.8.4 Split edges

The Split edges option allows one to divide an edge in half. Use the Pick Edge button to collect
the edge, Fig 6.8.4, and then use the Split button to split the edge. This will split the face into
two triangular patches.

Edit crack geomatry Edit crack geametry
File File
Addface ; Addface  Pick Paints i
Delsta faces _© Telete Delete faces Pick Face | *-
Spit edges [ PickEdge __ Spit Splitedges  Pick Edga h
Spht faces £ Split faces Pick Face
Add font TR Edg Ads Addfom  PickEdge| o
Pull boundary " Pull boundary Pick Paint il
Extend Extend Preview Da Exti
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Map Crack Map Crack Preview
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ance A \
i Resat Original Crack Gaometry .
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I crackfaces I face ids I crackfaces I faceids <
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T boundary T gaps A=ty s \’r
I face kinks / I taca kinks
L\ - — \
| \VAVAY i | |0y \VAVAY. .

Figure 6.8.4 Split edges by picking existing edges and then clicking Split.

6.8.5 Split faces

The Split faces option allows one to divide a triangular Bezier patch into three patches by adding
a center point. Use the Pick Face button to collect the patches, Fig 6.8.5, and then use the Split
button to divide the patches.
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Figure 6.8.5 Split faces b

6.8.6 Add front

Edit crack geometry
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Deletefaces _Pick Facs etz
Spit edges  Pick Edge.
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Add front Pick Edge.
Pull boundary _Pick Point
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Duplicates Shaw
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Faatur display:
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I crackfaces [ face ids
F crack fionts ™ normals
™ boundary ™ gaps
I face kinks

[T

y picking existing faces and then clicking Split.

The Add front option allows one to extend the crack front. Use the Pick Edge button to collect
edges adjacent to the existing front edges, Fig 6.8.6, and then click Add.

Faaturs display:
F crackedges [ vertex ids
I crackfaces [ face ids
F crack fonts ™ normals
I boundary I gaps
I face kinks

T

File

Add face
Delote faces _Fck i o

Split edges ck Edge 1
Spitfaces  PickFace| &
Addwont [ Pick Edge
Pull boundary ™o Point

Figure 6.8.6 Add front by picking existing edges adjacent to the front (highlighted in green) and

6.8.7 Delete front

then clicking Add.

The Delete front option allows one to turn off the crack front flag for an edge. Use the Pick
Edge button to collect existing front edges, Fig 6.8.7, and then click Delete.
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Figure 6.8.7 Delete a front edge by picking existing front edges (highlighted in red) and then
click Delete.

6.8.8 Pull boundary

The Pull boundary option allows one to pull a boundary point outwards. If there is a gap in the
crack surface where it does not extend past the model surface, Fig 6.8.8, one can pull the
boundary out using the Pick Point button, and then clicking Pull. More than one point might

need to be pulled to remove the gap.
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Figure 6.8.8 Pull boundary by picking a boundary point and then clicking Pull.
6.8.9 Duplicates

The Duplicates option allows one to merge two geometry points that have identical coordinates.
Use the Show button to display the points with identical coordinates, Fig 6.8.9, and then use the

Merge button to condense the two points to a single point.
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Edit crack geometry
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Figure 6.8.9 Merge duplicate points by clicking Show and then Merge.

6.8.10 Extend

The Extend option allows one to extend the crack geometry by reading a file that contains the
xyz coordinates of the extended front. Select the Preview button, Fig 6.8.9, and then select the
file containing the new crack front points. Typically this will be a .frt file. The new crack
surface will be displayed in red; click the Do Extend button to extend the crack.
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Figure 6.8.10 Extend the crack front by selecting a .frt file and then clicking Do Extend.

6.8.11 Map crack

The Map crack option allows one to map a circular penny-shape crack onto the current crack
geometry. This allows one to create a non-planar “library” flaw, if the existing crack surface is
non-planar. Use the Preview button to disply the Circular crack parameters dialog, Fig 6.8.11,
and enter the radius and the global Cartesian coordinates of the center of the circle. If the crack
maps onto the existing crack successfully, click Map to replace the crack with the mapped crack.
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Figure 6.8.11 Map a circular “library” crack onto an existing crack.
6.8.12 Smooth

The Smooth option allows one to improve the Bezier triangle shapes. Click the Preview button
to display the smoothed facets overlayed on the original geoemtry, Fig 6.8.12, and then click Do
Smooth to replace the original with the smoothed.
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Figure 6.8.12 Smooth crack surface geometry.
6.8.13 Coarsen

The Coarsen option allows one to reduce the number of triangular Bezier patches. Click the
Preview button to display the coarsened facets overlayed on the original geoemtry, Fig 6.8.13,
and then click Do Coarsen to replace the original with the coarsened.
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Edt crack geometry
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Figure 6.8.13 Coarsen crack surface geometry.
. .
6.8.14 Trim and Fill

The Trim and fill option allows one to clean up the non-front crack boundary edges to produce a
more-convex boundary. Click the Preview button to display the trimmed/added facets overlayed
on the original geoemtry, Fig 6.8.14, and then click Do Trim to replace the original with the
edited crack.
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Figure 6.8.14 Trim and fill crack surface geometry.
6.8.15 Flatten

The Flatten option allows one flatten the current geometry to a planar crack. A least-squares
planar fit of the crack surface is generated and displayed. Click the Preview button to display
the flattened crack overlayed on the original geoemtry, Fig 6.8.15, and then click Do Flatten to
replace the original with the flattened. The boundary of the flattened geometry can be stretched
to make sure that it intersects with the model surfaces; the stretch value should be adjusted to
prevent gaps along the model surface without overly distorting the geometry.
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Edit crack geometry
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6.8.16 Cancel

The Cancel button clears any current activity.

6.8.17 Reset Original Crack Geometry
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Figure 6.8.15 Flatten crack surface geometry.

The Reset Original Crack Geometry button resets the geometry to the original crack geometry

that is first displayed in the dialog.

6.8.18 Feature Display

The Feature display pane has options to turn on/off display of various crack geometry features.

6.8.18.1 crack edges

This turns on/off the crack surface patch edges, Fig 6.8.16.

6.8.18.2 crack faces

This turns on/off the crack surface faces, Fig 6.8.17.
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Edit crack geometry
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Figure 6.8.16 Crack edges on (left) and off (right).
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Figure 6.8.17 Crack faces on (left) and off (right).

6.8.18.3 crack fronts

This turns on/off the crack front, Fig 6.8.18.
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Figure 6.8.18 Crack front on (left) and off (right).
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6.8.18.4 boundary

This turns on/off the crack boundary, Fig 6.8.19. This feature is useful for finding holes in the
surface. The crack front will be displayed on top of the boundary; the front is off in Fig 6.8.19.
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Figure 6.8.19 Crack boundary on (left) and off (right).

6.8.18.5 face kinks and kink angle

This highlights edges where facet normals differ, Fig 6.8.20.
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Figure 6.8.20 Face kinks on (left) and off (right).

6.8.18.6 vertex ids

This turns on the vertex IDs, Fig 6.8.21.
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Figure 6.8.21 Vertex ID on (left) and off (right).

6.8.18.7 face ids

This turns on the face IDs, Fig 6.8.22.

Figure 6.8.22 Face IDs on (left) and off (right).

6.8.18.8 normals

This turns on the face normals, Fig 6.8.23.

Figure 6.8.23 Face normals on (left) and off (right).
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6.8.18.9 gaps

This highlights edges where the crack boundary is inside the model, Fig 6.8.24.
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Figure 6.8.24 Gaps on (left) and off (right).

6.9 SIFs Along a Path

The SIFs along a Path dialog, Fig 6.9.1, allows the user to display SIF history data. The crack
surface and crack fronts are displayed on the left-side, and the SIF history and path options are
displayed on the right-side of the dialog. The tabs along the top of the XY plot allow one to
display the three SIF modes (KI, KII and KIII) as well as the J-integral and T-stress values. The
Define Path and Export tabs are described in the following sub-sections.

Above the tabs is a drop-down menu that allows the user to specify the load step for which SIF
history is plotted. If there is only one load step, the drop-down menu is inactive. This is like the
drop-down menus in the SIF plot dialog (see Section 6.4). The substeps dropdown is not
available here; only results for the last substep for each load step can be displayed. The crack
front is set from the Path tab.

6.9.1 Define Path Tab

Traditional fatigue lifing methodologies require a SIF history that consists of a single valued
stress intensity factor (K) and a single valued crack size (a) for each crack increment.
Developing such a "K-history" is straightforward for a 2-D analysis but is more complicated for
3D analyses. In 3D, one has a distribution of K values along a crack front, and there might not
be an obvious crack dimension that uniquely characterizes the crack “length”.

Three different Path Type algorithms are available in the Define Path tab, Fig 6.9.2. The results
for the three algorithms are illustrated below using three different crack growth simulations. It
should be noted that while the crack growth might appear planar in these three examples, the
algorithms work for non-planar growth.
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B Stress intensity factors
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Figure 6.9.1 SIFs along a path dialog.
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Figure 6.9.2 Define path tab.
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6.9.1.1 Constant Normalized Distance

The first algorithm uses a constant, user-specified, normalized distance along the crack fronts.
Fig 6.9.3 shows the computed paths for 50% normalized distance. The figure shows that this
approach works very well for the first crack and is reasonable for the third crack. For the middle
crack, however, the path is sinuous; this can be even more pronounced for crack fronts that
transition from corner- to through-cracks.

Figure 6.9.3 Computed K paths for a constant normalized distance of 50%.

6.9.1.2 Nearest Point on Next Front

The second algorithm is a modification of the first approach. The analyst selects a point on the
initial crack front. The algorithm then searches for the nearest point on the next crack front and
makes this the next point in the history. The process is repeated for all remaining crack fronts.
The Ks in the history are the interpolated values at the "nearest points", and the crack length is
the distance from the crack "origin" to the initial crack front point plus the (straight line)
distances between successive "nearest points".

This algorithm is illustrated in Fig 6.9.4. For all three cracks, the path was started at locations of
10%, 20%, ... 90% along the initial crack front. The algorithm performs very well for the first
crack. For the middle crack, some of the paths converge into one path at 10% of the distance
along the crack front. This is because of the path constraints, which are described in Section
6.9.1.2. For the third crack, most of the paths merge due to these path constraints.
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Figure 6.9.4 Computed K paths using nearest next point. Paths are at 10% increments with a
10% and 90% minimum and maximum threshold.

6.9.1.3 Intersection of Fronts with a Plane

The third algorithm defines a plane nominally perpendicular to the crack surface and gives the
path as the points where the crack fronts intersect the plane. This algorithm is illustrated for the
first of the three cracks above in Fig 6.9.5. It is not clear how one would apply this algorithm to
the third crack in Fig 6.9.4.

Figure 6.9.5 Computed plane intersection points for a crack.

6.9.1.3.1 Start: Step and Final: Step
For crack fronts that might split, merge, or disappear, there is the option to specify both the

starting and ending crack step number and the crack front number, if there is more than one
front, Fig 6.9.6.

199



B ' Stress intensity factors

File Data Axes

Display Analysis Load Step |sum ‘I
¥ Markers -

T K | Ki | Ku | sint | T-str | Temp Path ITabIe | Export|
¥ Polygons Path Type
¥ Text

I Mesh @& Constant Normalized Distance (0-1) - 0.5
" Template " Nearest Point on Next Front 0-1 0.5

(resat)  Intersection of Fronts With a Plane

(crack) Start: Step | 8 ®| Front |2 ¥ Final: Step |23 ~¥| Front I >

I Search from final front

RN 7 i g et —

Maximum Allowed Normalized Location (0-1) -

)
==
EJE,
@_l

View options Path Curve Fitting

Recenter I Fit Path with Polynomial Order : 1

Capture image Allowed Locations - Min (0-1) 0 Max(0-1) 1

L L || Oy

1k

Figure 6.9.6 SIF path starting at step 8 for front 2.

6.9.1.3.2 Search from final front

The Search from final front option is active for the Nearest Point on Next Front. The algorithm
starts at the last front and searches ‘backwards’ for the nearest point on the previous front.

6.9.1.4 Path Constraints

There is a user-settable threshold that prevents the computed paths from getting too close to the
free surfaces where the accuracy of the computed stress intensity factors is questionable. The
user can set both the minimum and maximum thresholds in the dialog.

6.9.1.5 Path Curve Fitting

Path curve fitting provides a best-fit, in a least-squares sense, through the path computed by one
of the three algorithms. Fig 6.9.7 shows the least-squares fit to the paths shown in Fig 6.9.3. A
quadratic curve was used for the first crack, and as expected, there is modest improvement in the
path for this case. A cubic curve was used for middle crack, which yields a path that is
aesthetically more pleasing. A fifth order curve was used for the third crack and improves the

computed path by smoothing the kinks.

6.9.1.6 Crack Starting Information

The crack starting information has two options: crack start point and initial crack length. Setting
either of these provides a starting point for computing the total crack path length.
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Figure 6.9.7 Computed least-squares fit to the paths of Fig 6.9.3.

6.9.2 Export Tab

The Export tab, Fig 6.9.8, allows one to save the SIF data to a file. The normalized coordinates
seen in the XY plot can be exported to regenerate the XY plots. The Cartesian coordinates of the
mid-side nodes along the crack front along with the crack front local basis can also be exported.
One could use this information to compute crack growth or to plot crack front geometry outside
of FRANC3D. A WriteSifPath command is issued to the session log; see Section 2.1.69 in the
Commands & Python reference.
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Content B

W Kl

W Kl

W K

™ J-Integral

™ T Stress
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M front coordinates
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Write file| Preview

Figure 6.9.8 SIF history dialog — Export tab.
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6.9.3 File/Data/Axes Menu

Fig 6.9.1 shows the menu bar with three menu items: File, Data and Axes. These menus are the
same as the menus for the SIF Plot dialog (see Section 6.4.2.1).

6.10 SIFs For All Fronts

The SIFs for all Fronts dialog, Fig 6.10.1, allows the user to display SIF data for all fronts in a
single plot. The crack front lines are displayed in the left-side model window, and the SIFs for
all crack fronts are displayed on the right-side of the dialog. The tabs along the top of the XY

plot are the same as the tabs for SIFs Along a Path (see Section 6.9).

There are two drop-down menus that allow the user to specify the load step and crack front for
which SIF data is plotted. The substeps dropdown is not available here; only results for the last
substep for each load step can be displayed. The Crack Front drop-down is active if there are
multiple cracks in the model.
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Figure 6.10.1 SIFs for all fronts dialog.

6.10.1 Export Tab
The Export tab displays the dialog in Fig 6.10.2; this is only slightly different from that in Fig

6.9.3. There is an option to reverse the order of the points, so that data is exported going from
point B to A.
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6.10.2 File/Data/Axes Menu

Fig 6.10.1 shows a menu bar with three menu items: File, Data and Axes. These menus are the
same or like the menus for the SIF Plot dialog (see Section 6.4.2.1).
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Figure 6.10.2 Export tab for SIFs for All Fronts dialog.

6.11 Js For All Rings

The Js for all Rings dialogs, Fig 6.11.1-2, allows the user to display J-integral data. First, the
user can choose to use the displacements to compute elastic stresses, which will be used to
compute J. Alternatively, nonlinear stress can be read from a file to compute J. Select Accept in
the first dialog to display the J-integral dialog, Fig 6.11.2.

J-Integral Stresses

= Linear elastic stresses computed from displacements |

Cancel | Accept |

Figure 6.11.1 Js for All Rings dialog.
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B J-integral by Element Rings
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Figure 6.11.2 Js for All Rings dialog.

J-integral values can be plotted along the crack front, using the normalized position.
Alternatively, values can be plotted at a single normalized position versus element (or integral)
ring. This allows a visual indicator of convergence — if the J reaches a constant value.

The tabs above the plot are similar to the SIF plot (see Fig 6.4.3). Load step, load substep, crack

front and crack step can be set if there are multiple values. The Table tab and Export tab allow
the user to view the data in a table and to export the data to an ASCII file.

7. Wizards and Dialog Boxes for Loads Menu

The wizards and dialog boxes for the Loads menu options are described in this section.

7.1 Crack Face Pressure/Traction

The Loads Crack Face Pressure/Traction (CFT) option allows one to define crack face
pressures or tractions. This capability is often used to simulate residual stresses. It can also be
used in a sub- modeling approach where the submodel containing the crack is analyzed using
crack face tractions based on the stresses from an uncracked “global” model.

The first panel of the wizard is shown in Fig 7.1.1. Use the Add button to create a new entry in
the list. Once an entry has been added, it can be edited or deleted by selecting the name and then
the Edit or Delete button.
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The Crack Face Traction/Residual Stress Type panel is displayed when the Add button is
clicked, Fig 7.1.2; it allows one to choose the type of crack face loading. The choices are: 1)
Constant crack face pressure, 2) 1-D Radial residual stress distribution, 3) 2-D Radial residual
stress distribution, 4) Surface treatment residual stress distribution, and 5) Residual stress defined
on a mesh. These will be described in more detail below.

Crack-Face Tractions

=none defined=

asd | Eat | Delete |

Cancel | Accept |

Figure 7.1.1 Crack Face Tractions — top level dialog.

The Advanced button at the bottom allows one to specify whether the CFT is applied in a new
load step, after all the original FE load steps are applied, or added to one of the existing FE load
steps. The dialog is slightly different for ABAQUS compared with ANSYS and NASTRAN; the
dialog display is based on the input FE model that is being cracked/analyzed.

Select Crack Traction Type

Crack Face Traction/Residual Stress Type

&+ Constant Crack Face Pressure

" 1-D Radial Residual Stress Distribution

¢ 2-D Radial Residual Stress Distribution

¢ 1-D Polynomial Traction Distribution

" Surface Treatment Residual Stress Distribution
" Residual Stress Defined On a Mesh

Advanced

Cancel | Back | Mext

Figure 7.1.2 Crack Face Tractions — type dialog.
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7.1.1 Advanced button

The Advanced options dialog is shown in Fig 7.1.3. The left image is for ABAQUS models, and
the right image is for ANSYS and NASTRAN models. The default is to create a new load step
for the CFT. However, one can change this so that the CFT is added to an existing load step. If
the Add to existing load step is chosen, the user can then select the load step that will be used.
For ABAQUS, CFT can be applied using an amplitude function so that the CFT is applied the
same as the existing loads. However, there are limitations; see Section 12 of the User’s Guide.

Advanced options

Load Step
" Create new load step

" Addto existing load step

Load step I’ "I Advanced options

Yariation Load Step
& Constant fraction * Create new load step
& Varywith amplitude function " Add to existing load step

FuRction I_:, Load step I_:l
Cancel | Accept | Cancel | Accept |

Figure 7.1.3 Advanced options dialog to set the analysis load step (left side is for ABAQUS).

7.1.2 Constant Crack Face Pressure Panel

The constant crack face pressure panel allows one to specify a uniform pressure on the crack
face, Fig 7.1.4. A positive pressure value will tend to open the crack. If there are no nodal
temperatures, the Next button will return the display to the top-level panel (see Fig 7.1.1). If
there are nodal temperatures, the Next button will display the Set Temperature dialog, Fig 7.1.5.

The temperature for the crack face traction load step can be set to a Constant value, such as the
reference temperature, or it can be set based on the last load step, or it can be set from an external
source. The External data option allows one to specify an ABAQUS .inp, ANSYS .cdb or
NASTRAN .bdf (or .nas or .dat) file depending on the original model type. The temperature can
also be included from the .dtp file if that is used for the stress for the Residual Stress Defined on
a Mesh option.

The Set Temperature panel is the same for all crack face traction types. The CFT and effects of
temperature are described in more detail in Section 12 of the User’s Guide.
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Constant Crack Face Pressure

Pressure value I 0

A positive value will open the crack.

Cancel | Back | Mext I

Figure 7.1.4 Constant Crack Face Pressure panel.
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" Current model last load step
" External mesh file:
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Qancell Back | Finish I

Figure 7.1.5 Set Temperature dialog.

7.1.3 1-D Radial Residual Stress Distribution Panel

The 1-D radial residual stress distribution panel allows one to specify a radial distribution of
stress that can be applied to the crack face, Fig 7.1.6. The stress varies along a radius from some
origin. The user can specify the distribution axis as well as the axis offset.

The distance vs stress data can be entered into the dialog or read from a file, using the Read
From File button. The file is a simple ASCII text file with lines of data that matches the dialog.
Use the Save To File button to save the data from the dialog to a .zxt file. The Read Only option
disables the interactive editing of the data in the table.
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Figure 7.1.6 1-D radial residual stress distribution dialog.

For example, consider a corner crack in a brick, Fig 7.1.7 — left panel. The crack has a radius of
2.0 and the corner is located at x=0, y=5, and z=5. A 1-D radial distribution is defined, Fig 7.1.9
— right panel, with the distribution axis set to y and the axis offset defined as x=0 and z=5. The
crack face traction distribution is shown in Fig 7.1.8 — left panel. To visualize the pressure that
is applied to the crack, the ANSY'S color contours for the stress in the y-direction on one side of
the crack are shown in Fig 7.1.8 — right panel. This image shows the radial pattern of the
pressures with the origin at the crack corner.

1D Radial Distribution

1-D Radial Residual Stress Distribution

Distribution &is: " X & Y € Z Axis Offset X: 0 v 0z 5
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Figure 7.1.7 A corner crack in a brick (left panel) with a 1-D radial residual stress (right panel).
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User Defined Radial Residual Stress.
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Figure 7.1.8 A 1-D radial residual stress distribution (left panel) applied to the corner crack and
corresponding y-stress color contours in ANSY'S (right panel).

7.1.4 2-D Radial Residual Stress Distribution Panel

The 2-D radial residual stress distribution panel allows one to specify a stress distribution that
varies in two directions: axial and radial, Fig 7.1.9. The stress varies with radius from some
origin. Use the Read Data From File button to import the data into the dialog.
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Figure 7.1.9 2-D radial residual stress distribution panel.
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The data in the file should be arranged in the same way as it appears in the dialog, Fig 7.1.10.

There is a blank space at the top left. The dialog is set as read-only, and there is no option to
switch this off; you should edit the file instead.

= oln
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= Oy
P

|l e R
L

10

Figure 7.1.10 2-D radial residual stress data from file.

7.1.5 1-D Polynomial Traction Distribution Panel

The 1-D polynomial traction distribution panel, Fig 7.1.11, allows one to specify a shear traction
on a planar crack surface.

1D Polynomial Distribution

1-D Palynomial Traction Distribution

traction vector:

b ;
t = —(ag+ ayu+ agu+..)
TR

where
“:"z—"‘(x—xn}
X Y Z
b | 0| 0| 0 A
< | 0| 0| 0 A
a 0] o 0

2+ Polynomial order:l 4

= |

[w]ro ][
o oo o

Cancel | Back | Text I

Figure 7.1.11 1-D polynomial traction distribution dialog.
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7.1.6 Surface Treatment Residual Stress Distribution Panel

The surface treatment residual stress distribution panel, Fig 7.1.12, allows one to specify a stress
distribution that varies in a direction that is normal to a surface that has been retained as a
“residual stress surface” when reading the FE file. The stress varies with distance from the
surface.

Surface Treatment Residual Stress

Curve Points Surface Treatment Residual Stress
2+ Number of points: m 0.0
distance | stress |
1 0 91 2200
12| 0.000523 -80.6584
| 3| 0.001027 -65
| 4| 0.001459 -47.7366
5 0002198 84|
| 6| 0.002721 -2346 E
7] 0.003333 -18.93 w
| 8 | 0.004108 -11.5226 00
1 9| 0.004937 -10.6996
110} 0.006 -8.64
[11] 0.007 8 800
12 0.01 7
|13 01 3
Copy to clipboard | e TR o_loz — D_Im — D.Ioﬁ — D.IDS T oo
Read from file Save to file | distance

Cancel | Back | MNext I

Figure 7.1.12 User defined surface treatment residual stress panel.

Data can be imported using the Read From File button; the file is ASCII text and arranged in
the same way as shown in the table with each line containing a distance and a stress value. The
Save To File allows the data to be saved to a .txt file. The table can be set to read-only using the

Read Only option.

After entering the stress versus distance, the user presses Next to select the treated surface, Fig
7.1.13. This dialog is the same as that for selecting surfaces to be retained when importing a FE
model (see Section 4.5).
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Select Treatment Surfaces
Select all ZEEy
Unselect all HEieE
¥ Vectors
¥ Polygons
W Text
(reset) (d)
(crack)
Save | Read
G =)
L afsc)
View options
Recenter
Capture image
e |
Display options
™ Transparent
¥ Global/Local cut surfaces
™ Mesh overlay
Edges: @ bold " subtle
Shift+Click to select surfaces Cancel | Back [ mext

Figure 7.1.13 Surface treatment residual stress — select surface dialog.

As an example, a brick model is defined with the top surface (positive y-axis) defined as a

“treated_surface”, Fig 7.1.14 — left panel. The stress distribution shown in Fig 7.1.12 is applied
as the surface treatment crack face traction. The distribution acts normal to the

“treated_surface”, and distance will be measured in the -y direction. The resulting crack face

traction distribution on the crack shown in Fig 7.1.14 (left panel) can be visualized using

ANSYS, Fig 7.1.14 — right panel.

treated
surface

distance
from
shot
peened
surface

Figure 7.1.14 Example of a surface treatment residual stress crack face traction.
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A few things are noted here. Consider the crack shown in the left panel of Fig 7.1.15 and the
residual stress distributions shown in the right panel of Fig 7.1.15. First, if the nodes on the
crack surface are at a depth that is greater than the residual stress, no crack face tractions are
computed. Using the ‘a’ distribution, the lower third of the crack will not have crack face
tractions. Second, if the mesh on the crack surface is coarse compared to the residual stress
distribution, the computed crack face traction will not adequately capture the residual stress
distribution. Based on the coarse mesh shown in the left panel of Fig 7.1.16, the computed
traction value at the node indicated by the red circle, using the ‘a’ distribution from Fig 7.1.15,
would be close to zero. If a pseudo-refined mesh is defined, as in the middle and right panels of
Fig 7.1.16, then the ‘a’ distribution can be captured and appropriately distributed onto the nodes
of the actual coarse mesh. Ideally, one would use a suitably refined mesh in the model to avoid
this problem.

residual stress
distributions

shot peened surface

stress

node on crack
surface at depth ‘d’

d depth

Figure 7.1.15 Surface treatment residual stress applied as crack face traction up to the defined
depth of the distribution.

Figure 7.1.16 Surface treatment residual stress applied as crack face traction with automatic
pseudo-mesh refinement to capture the distribution.

7.1.7 Mesh-Based Stress Distribution Panel

The mesh-based stress distribution panel allows one to specify a stress distribution based on a FE
mesh and stress file, Fig 7.1.17. The user chooses the mesh and associated stress file; normally,
this is an uncracked model. FRANC3D queries this data to compute tractions on the crack face.

The mesh and associated stress results do not have to correspond exactly with the model used for
crack insertion; however, the mesh and stress must occupy the same physical space as the crack.
At each node on the crack surface mesh, FRANC3D queries the stress-mesh to find the element
and associated nodes that contains the point and then retrieves the stress for these nodes. The
element shape functions are used to interpolate stress at the crack surface node location.
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For mesh based CFT, one can apply the results for any of the three analysis codes to the current
model. For example, one can apply ANSYS stress to an ABAQUS crack growth simulation.

Edit Crack Face Tractions

Analysis code:
& ANSYS ¢ ABAQUS ¢ NASTRAN

Mesh Based Stress Distribution

Mesh filename: I.Ans*,rs_Cuhe_surf_gradient.u:db Browse |
Stress filename: IAnsys_Cube_surf_gradiem.str Browse |

External load step: I 1
External substep: I -1
I 1

Stress scaling:

External substep of -1 means the final substep

cancel | eace |[ Finisn |

Figure 7.1.17 Mesh based stress distribution panel.

If the chosen FE model (and results) contain multiple load steps, the user should specify the
(external) load step (and for the substep if there is more than one per load step). The -1 in the
substep field indicates that FRANC3D will use the last substep. If you are using an .odb file for
the stress and the .odb contains many load steps, you should consider extracting the stress for
only the load step(s) of interest.

The stress can be scaled; a user might instead choose to scale the SIFs that result from the CFT
load step, but if the CFT is added to an existing load step, then the scaling might need to be
applied here.

7.2 View Boundary Conditions

The Loads View Boundary Conditions option allows one to view the boundary conditions
attached to the imported FE model, Fig 7.2.1. The load steps and the boundary conditions
attached to each load step can be listed and highlighted on the model.

This dialog allows the user to verify that the FE model has been imported correctly. One should

still verify that the initial crack model displacements are consistent with the uncracked model
displacements.
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= [m] X

' View boundary conditions

Overall Display
= Step 1 (static) ¥ Markers
I Displacements (3) ¥ Vectors
OIDISP_disp_7_X ¥ Polygons
W Text

DISP_disp_8_Y
DISP_disp_9_7
oads (1)
£ Pressures 1

B PRESS_press_0

Save | Read |
Rl
R L
View options
Recenter
Capture image

Ll |4l | By

Display options
™ Transparent
™ Global/Local cut surfaces

/\—-c
Nx

™ Mesh overlay
Edges:  bold ¢ subtle

Dismiss
Figure 7.2.1 View Boundary Conditions dialog.

7.3 Plot CFT Stress File

Plot CFT Stress File allows one to contour crack face traction values based on mesh-based stress
input. See Section 7.1.7 for a description of the dialog for entering the mesh-based stress input.

First, specify the user mesh and results files, Fig 7.3.1.

CFT stress file

Analysis code:
& ANSYS & ABAQUS ¢ MASTRAN

Mesh Based Stress Distribution

Mesh filename: Iaqus‘\Abaqus_Cube_surf_gradiem_inp Browse |
Stress filename: Iaqus\Abaqus_Cube_surf_gradient.rpi

External load step: I L]
External substep: I K
Stress scaling: I L]

External substep of -1 means the final substep

Qancell Back | Finish I

Figure 7.3.1 User-mesh input dialog.
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Once the data is imported, the dialog shown in Fig 7.3.2 is displayed. The traction values on the
crack surface, computed from the input stress, are contoured. This dialog is intended to be used
to verify that the stresses are being extracted and applied as expected.

i Respanse

Display
¥ Markers

Traction Mognitude Traction Component

. 11.60 ¥ Vectors @ R
11.21 ¥ Polygons € ¥ Traction (T,)
10.81 ¥ Text _
10,41 ™ Mesh € Z Traction (T)
10.01 (reset) I J
9.609 (crack) 'I§+T§,+T§

Mesh Overlay
¥ Display Mesh Overlay

Save ‘ Read

™ Show Mesh Node Id's

ie‘ EE%% Mesh Color: & Black  White
E’A‘ i View Options
hﬂ"“‘ vy I Show Original Qutiine
S ‘ Recenter
?ﬁgﬁk%& s Contour Levels
»s‘@yﬁ‘g_iﬂi’v o Capture
i vy T B I Custom Contour Level Thresholds
S 7 o C
=: = 4 @ OWET: I 841147 Upper 11.6042

Figure 7.3.2 Plot CFT stress dialog.

8. Wizards and Dialog Boxes for Analysis Menu

The wizards and dialog boxes for the Analysis menu options are described in this section.

8.1 Static Crack Analysis

The Static Crack Analysis menu item allows one to set up and run a static (current crack
configuration with no crack growth) deformation analysis. One would use this, for example, if
one had inserted a crack into a body and wanted to compute stress-intensity factors for this crack
without performing any crack growth. The ANSYS, ABAQUS and NASTRAN wizard panels
are discussed below; the wizard panels are similar for all the analysis codes, but there are some
differences as will be noted below. The analysis code is based on the original imported model

type.
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8.1.1 Fdb File Name Panel

The first panel, Fig 8.1.1, allows one to specify the name of the files. The base file name is used

for all files created for this static analysis, with different file extensions applied. The .fdb

extension will be added if the user does not type it into the File Name field. The .fdb file is the
FRANC3D restart file and stores information about the imported FE model, the flaw geometry,

and the crack growth data.

Note that the uncracked file name must not be re-used here; the uncracked model is needed for
each step of crack growth and should not be overwritten.

Static Analysis

Specify an Fdb File Name

The uncracked file name "Ansys_Cube_LOCAL™ CAN NOT be used! Do NOT use spaces

4@ wp |1 surf_treatment vl New Directory

Directories )(l

Files in C:\Temp\Cube_load_cases\Ansys_cases\surf_treatment

] RegBackup
2] SIMULIA
B[] Temp
(1 AnisotropicThickPlateShear
(1 AnisotropicThickPlateTension
[z Brueggert
1 CenterThruCrackPlate
= [ ComerCrackHolePlate
1 cube
=20 Cube_load_cases
[ | Abaqus
1 Abagus_cases
@ Ansys
B[] Ansys_cases
7 cft_only
1 mesh-based_traction
] s154elems
(Z] s154ptable

b surf_treatment =

W1 Program Files IS | [
= (] Program Files (x86) [ base fdb
= ] Python27 [ surf_treatfdo

File name: |

File type: IFranc3D Database Files (*fdb,* FDB)

|

Cancel | | Bacl | Next

Figure 8.1.1 .fdb file name dialog.

8.1.2 ANSYS Options Panel

The dialog in Fig 8.1.2 allows one to set options and analysis parameters for ANSYS.

The top pane contains the ANSYS executable file name and license string. These values should
be set in the Preferences (see Section 5.2) but can be modified or set here. A Python script can
be executed on the .cdb file prior to running ANSY'S; the Python executable can be set here also.

The second pane allows one to edit default settings; see Section 8.1.2.1.
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The third pane allows the user to select the global model to connect to the local cracked model.

If there is no global model, this option should be unchecked. The global model file name should
be filled automatically based on the original FE model import.

The fourth pane allows the user to specify whether crack face traction (CFT), crack face contact
(CFC), or initial strain conditions are applied. If CFTs are defined (see Section 7.1), the Apply
crack face tractions should be checked automatically.

Crack face contact conditions can be applied if the crack is subjected to compressive loads. If
the Define crack face contact option is checked, the Contact button is activated; see Section

8.1.2.2.

Initial strain can be applied by setting the file names for the node coordinates and the nodal

strain, Fig 8.1.3.

ANSYS Options

ANSYS run time

ANSYS Executable izS\ANS‘(S Incw2521ansys\binwinxG4\ANSYS252 exe . Browse
ANSYS license: ansys Vl

Python Executable: Ipy’thon Browse
Python script (will run before ANSYS): | Browse
Local model output:

Edit Defaults |

Global model:

¥ Connectto global model filename: Iplate_GLOEI.J\L.CdD Browse
Boundary conditions:

[~ Apply crack face tractions [~ Define crack face contact  Coriact [T Initial strain - Define |

AMSYS command:

View/Edit Command

I~ | Wirite files but DO NOT run

Cancel

<] Back | Next [

Figure 8.1.2 ANSYS options and analysis parameters.
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AMSYS Initial Strain

ANSYS Initial Strain

MNode coords: | Browse |
MNode strain: | Browse |

Cancel | Accept |

Figure 8.1.3 ANSYS initial strain dialog.

The last pane contains the View/Edit Command button, which will be described in Section
8.1.3.4. This option is inactive if the Connect to global model is selected, as it will be active in
the subsequent panel.

8.1.2.1 ANSYS Edit Defaults

The ANSYS Local Model Output dialog, Fig 8.1.4, allows the user to adjust some of the default
settings.

The Output Results and Extract results options limit the amount of data that is extracted and
saved to the .dip file. Results for the crack front mesh template nodes are required for computing
SIFs. To display the deformed shape in FRANC3D (see Section 11.1), the results for the local
model should be extracted, and this is the default.

Commands to tell ANSYS to compute the contour integral can be included in the .cdb file that
FRANC3D writes. Either the J-integral or the material-force option can be selected. ANSYS
writes this data to the .out file, which can be imported using the FRANC3D Advanced menu.

Jm = mm e e o

| ANSYS Cptions

AMSYS Local Model Output
Output results: & lastsubstep ¢ every substep
f Extract results: ¢ full model & cracked model ¢ template nodes
([T Drop all constraints (CE,CECMOD,CERIG)
[T ANSYS contourintegral tpe: [ JINT [T MFOR

| Cancel | Accept | !

n

Figure 8.1.4 ANSYS edit defaults dialog.
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8.1.2.2 ANSYS Crack Face Contact

The ANSYS Crack Face Contact dialog, Fig 8.1.5, allows the user to set crack face contact
options. The material and real constant ids should not conflict with any of the data that exists in
the original model. The parameters in the dialog are described in the ANSYS documentation.

AMSYS Crack Face Contact Parameters

AMSYS Contact Parameters

Material id: I 211 Friction coef. I 0

Real Constantid: a1

Normal penalty stiffness: I 1 (negative for absolute value)

Penetration tolerance: 001 (negative for absolute value)

ET 170 id: I 811 ET 174 id: I g812

Contact Algorithm: & augmented lagrange {~ penalty & mpc ¢ lagrange + penalty ¢ lagrange
Gap/Penetration Adjustment. ¢ none ¢ close gap ¢ reduce pene ¢ closefreduce & defaultficont
Asymmetric Selection: (¢ off ¢ on

Initial Penetration/Gap: & include ¢ exclude

Contact Stiffness Update: {* each iteration ¢ eachload step " each iteration of substep

Contact behavior: @ standard ¢ rough ¢ no_separation ¢ bonded ¢ bonded_always

Mumber of substeps: 4 max 10 min: 1

™ Include Crack Front Nodes:

Cancel | Accept |

Figure 8.1.5 ANSYS crack face contact dialog.

8.1.3 ANSYS local/global model connection Panel

If the Connect to global model option (see Fig 8.1.2) is selected, the global model file must be
set, Fig 8.1.6. The Browse button can be used to find the file. The check box and the global
model filename should be filled automatically based on the initial FE model import.

Global model:

¥ Connectto global model

{Browse |

Global model filename: }np\ansys_cube\small_cube_outer.cdb

Figure 8.1.6 ANSYS connect to global model box.
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If the Connect to global model option is selected, the Finish button in Fig 8.1.2, switches to a
Next button. The next panel, Fig 8.1.7, defines how the local and global models will be
combined. Note that the user cannot proceed to the next panel if the Connect to global box is
checked and the Global model filename has not been entered.

Static Analysis

Ansys local/global model connection:

* Merge nodes  Constraintequations ¢ Contact conditions

Constraint

Merge tolerance: Iu_uum Local connection midsides: & retain ¢ remove

r Local component(s) to merge/constrain:
AUTO_CUT_SURF

r Global component(s) to merge/constrain:
™~ Show all labels
GLOBAL_CONMECT_SURF

- Additional local/global connections:

=none defined=

Add Connecﬂonl [Delete Connecto r||

Ansys command:

View/Edit Command | [~ Write files but DO NOT run analysis

Cancel | <] Back | Finish

Figure 8.1.7 ANSYS local/global model connection panel.

The simplest method to connect a local crack model to a global model is through node-merging.
If the user retained surface mesh facets on the cut-surfaces for the local model, then these
surfaces can easily be glued together by merging nodes. Alternatively, constraint equations or
contact conditions can be defined between the cut-surfaces of the local and global models.

FRANC3D will generate the necessary commands to join the local and global model portions
together.

Selecting the Constraint equations option activates the Constraint button; see Section 8.1.3.1.

Selecting the Contact conditions option activates the Contact button; see Section 8.1.3.2.

Extra local/global contact/constraint can be defined (see lower section of Fig 8.1.7) for surfaces
other than the crack faces and the cut-surfaces; see Section 8.1.3.3.
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8.1.3.1 ANSYS Constraint

The ANSYS Constraint dialog, Fig 8.1.8, allows the user to set the constraint connection options
between the local and global model portions. Typically, all three (displacement) components
will be selected, but the user has the option to not select a component.

AMNSYS Constraint Options

{ AMNSYS Constraint Options |
DOF T ux T uy I uz
|

Toler: 0.25

i MoveTaol: | 0
1 Cancel | Accept | |

Figure 8.1.8 ANSYS constraint connection dialog.

8.1.3.2 ANSYS Contact

The ANSYS Contact dialog, Fig 8.1.9, allows the user to set contact connection options between
the local and global model portions. This dialog is slightly different from the crack face contact
dialog; there is no option to include the crack front nodes.
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AMSYS Contact Parameters

AMSYS Contact Parameters

Material id: I 711 Friction coef. I a

Real Constantid: 711

Normal penalty stiffness: I 1 (negative for absolute value)

Penetration tolerance:; 0.01 (negative for absolute value)

| ET 170 id: I 711 ET 174 id: I 712

Contact Algorithm: & augmented lagrange ¢ penalty & mpc ¢ lagrange + penalty ¢ lagrange
Gap/Penetration Adjustment. ¢ none " close gap ¢ reduce pene " closefreduce & defaultficont
Asymmetric Selection: * off © on

i Initial Penetration/Gap: & include ¢ exclude
Contact Stifness Update: * each iteration ¢ each load step ¢ each iteration of substep

Contact behavior: @ standard ¢ rough ¢ no_separation ¢ bonded ¢ bonded_always

Number of substeps: 4 max 10 min: 1

¥ Create symmetric pair. make target surface; & [ocal O globa

Cancel | Accept | |

Figure 8.1.9 ANSYS contact connection dialog.

8.1.3.3 ANSYS Extra Connection

Additional local/global connections can be defined (see Fig 8.1.7). Click the Add Connection
button to display the dialog in Fig 8.1.10. The connection can be made using contact or
constraint. The contact and constraint dialogs shown in Sections 8.1.3.1-2 are reused here. The
two mate surfaces from the global and local model must be selected by the user.

To delete a connection, highlight the connection name (see Fig 8.1.7) and click the Delete
Connection button.
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AMSYS Extra Local/Global Connection

ANSYS Extra Local/Global Connection

C None: € Single contact & P

r Select contact surface:

c’[ " Paired constraint: Cgmadl :.;.r,;n-;.,n-,;l

[T BOLT_A SURF [ BOLT_B_SURF ﬂ
[] BOLT_C_SURF [] GCUT_SURF
["THOLE A SURF [T HOLE B SURF Jhd

r Select from local surfaces:

[ AUTO_CUT_SURF [ HOLE_A_SURF
[JHoLE_C_sURF [ LCUT_SURF

[ HOLE_B_SURF
[T all_template_nodes

Cancel | <

L]
o

Figure 8.1.10 ANSYS extra connection dialog.

8.1.3.4 ANSYS Command Line Panel

If the user selects the View/Edit Command button in Fig 8.1.7, the ANSYS command is

displayed, Fig 8.1.11. The command line can be edited if desired. Typically, users will set the
ANSYS executable and parameters in the Preferences rather than editing this command. Editing
this command line is not “permanent”, but the edits should be carried forward for subsequent

static analyses of the current model.

FE Analysis Command

Ansys Command Line

Ild_cube amacro' —o "CiosTempansys_cubesfull_scubecracked cube.out"

Edit |

Cancel |

Figure 8.1.11 ANSYS command line panel.

8.1.3.5 ANSYS Write Files but DO NOT run analysis

In some cases, the user might want to write the analysis files from FRANC3D without running
ANSYS. The Write files... option (see Fig 8.1.7) will cause FRANC3D to write all the analysis

files.

A .txt file is written along with the .cdb and .fdb files; the ANSYS command is written to this .txt
file for reference. Note that if one sends this file to a different computer for analysis, the .dtp file

that is extracted must be retrieved so that FRANC3D can compute SIFs (see Section 4.7).
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8.1.4 ABAQUS Options Panel

If ABAQUS is the solver, the user can set options and analysis parameters for ABAQUS, Fig
8.1.12. The first pane contains the ABAQUS executable file name. This should be set in the
Preferences (see Section 5.2) but can be modified or set here. A Python script can be executed
on the .inp file prior to running ABAQUS. The Python executable can be set here also.

The second pane allows one to edit default settings; see Section 8.1.4.1.

The third pane allows the user to select the global model to connect to the local cracked model.
If there is no global model, this option should be unchecked. The global model file name should
be filled automatically based on the original FE model import.

The fourth section allows the user to specify whether CFT and CFC are applied. If CFTs are
defined (see Section 7.1), the Apply crack face tractions should be checked automatically.

Crack face contact conditions can be applied also if the crack is subjected to compressive loads.
If the Define crack face contact option is checked, the Contact button is activated; see Section
8.1.4.2.

Static Analysis

Abagqus Options

Abaqus run time:

Abagus Executable: |abaqus bat Browse |
Python Executable: [psthon Browse |
Python script (will run before Abaqus): | Browse |
Local model output:

Edit Defaults
Global model:

¥ Connectto global model filename IAhaqus-Cuhe_GLGBALinp Browse

Boundary conditions:

[~ Apply crack face tractions [~ Define crack face contact  opiact

Abagus command:

Yiew/Edit Command I= | Write files but DO NOT run analysis

E— dx TR

Figure 8.1.12 ABAQUS options panel.
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The final pane contains the button View/Edit Command, which will be described in Section
8.1.5.4. This option is inactive if the Connect to global model is selected, as it will be active in
the subsequent panel.

8.1.4.1 ABAQUS Edit Defaults

The ABAQUS Local Model Output dialog, Fig 8.1.13, allows the user to adjust some of the
default settings.

The results for the last frame of each load step are extracted by default, but the user can choose
to extract results for every frame (substep). The Extract results option limits the amount of data
that is extracted and saved to the .dp file. Results for the crack front mesh template nodes are
required for computing SIFs. To display the deformed shape in FRANC3D (see Section 11.1),
the results for the local model should be extracted, and this is the default.

Commands to compute contour (J, C, K or T) integrals can be included in the ABAQUS file.
Note that ABAQUS uses collapsed bricks rather than singular wedge elements for the contour
integral. The contour integral results are saved in the ABAQUS .dat file. FRANC3D can import
the contour integral results from this file; see the Advanced menu.

FRANC3D is capable of computing J-integral for elastoplastic ABAQUS models.

ABACQUSE Local Model Output

| Outputresults: & lastframe {~ everyframe

| Extractresults: " full model  cracked model ¢~ template nodes
[ Write template section # template rings: |—4

template material:

Contour integrals (requires collapsed bricks):

¥ ABAQUS *contourintegral type: T J T C T KT

| cancel | Accept |

Figure 8.1.13 ABAQUS edit defaults dialog.

8.1.4.2 ABAQUS Crack Face Contact

The ABAQUS Crack Face Contact dialog, Fig 8.1.14, allows the user to set crack face contact
options. A new Surface interaction name must be defined, and it should not conflict with any of
the data that exists in the original model; the Accept button will be activated once a surface
interaction name is added. Parameters are described in the ABAQUS documentation.
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| ABAQUS Crack Face Contact Parameters
ABAQUS Contact Parameters
Use:  general contact & surface to surface ¢ node to suface ¢ self contact

Surface interaction: ¢ Existing & Mew

Surface interaction name: I

Surface behavior: ¢ penalty=linear ' pressure-overclosure=hard

Friction coefficient: I 0

[ Small sliding:

[~ Tied contact:

Adjust: I 01

[ Turn on Migeom:
™ Include front nodes:

[~ Include *normals:

Cancel |

Figure 8.1.14 ABAQUS crack face contact dialog.

8.1.5 ABAQUS local/global model connection Panel

If the Connect to global model option (see Fig 8.1.12) is selected, the global model file must be
set, Fig 8.1.15. The Browse button can be used to find the file. The check box and the global
model filename should be filled automatically based on the initial FE model import.

Global model:

¥ Connectto global model:

Global model filename: |C:‘nTemp‘.abaqus_plate‘nglobal.inp iBrowse

Figure 8.1.15 ABAQUS connect to global model box.

If the Connect to global model option is selected, the Finish button in Fig 8.1.12, switches to a
Next button. The next panel, Fig 8.1.16, defines how the local and global models will be
combined. Note that the user cannot proceed to the next panel if the Connect to global box is
checked and the Global model filename has not been entered.
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Static Analysis

Abaqus local/global model connection:

& Merge nodes ¢ Tie constraint ¢ Contact conditions Copstraint| conact| B Global = Master

r Local node set'surface(s) to merge/constrain:
AUTO_CUT_SURF [] Part-Cube-1_Set-Cube

r Global node set'surface(s) to merge/constrain:
I~ Show all labels
GLOBAL COMNMECT_SURF

r Additional local/global connection

=none defined=

Add Connectionl Delete C-::rn'.e::t\-::nl

Abagqus command:

View/Edit Command | [~ Write files but DO NOT run analysis

Cancel | ¢ Back | Finish

Figure 8.1.16 ABAQUS local/global model connection panel.

The simplest method to connect a local crack model to a global model is through node-merging.
If the user retained surface mesh facets on the cut-surfaces for the local model, then these
surfaces can easily be glued together by merging nodes. Alternatively, constraint equations or
contact conditions can be defined between the cut-surfaces of the local and global models.

Selecting the Constraint equations option activates the Constraint button; see Section 8.1.5.1.

Selecting the Contact conditions option activates the Contact button; see Section 8.1.5.2.

An extra check box allows the user to switch the master and slave pairing; the default is to use
the Global surface as the master.

Extra local/global contact/constraint can be defined (see lower section of Fig 8.1.16) for surfaces
other than the crack faces and the cut-surfaces; see Section 8.1.5.3.

8.1.5.1 ABAQUS Constraint

The ABAQUS Constraint dialog, Fig 8.1.17, allows the user to set constraint connection options
for the local and global model portions.
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ABAQUS Constraint Options

ABAQUS Constraint Options
™ Adjust
Paosition tolerance: I 0.001

i Cancel |

Accept |

Figure 8.1.17 ABAQUS constraint connection dialog.

8.1.5.2 ABAQUS Contact

The ABAQUS Contact dialog, Fig 8.1.18, allows the user to set contact connection options for
the local and global model portions. This dialog is mostly the same as that for CFC, but in this
case the user is allowed to select from existing Surface interaction names.

| ABAQUS Contact Parameters

ABAQUS Contact Parameters

| Use: ¢ general contact ' surface to surface

Surface interaction: ¢ Evisting & Mew

Surface interaction name: l[

Friction coefficient: I 0

[~ Small sliding:

™ Tied contact:

Adjust: I 01

[~ Turn on Nigeom:
[ Include front nodes:

™ Include *normals:

Surface behavior. ¢ penalty=linear @ pressure-overclosure=hard

Cancel |

Figure 8.1.18 ABAQUS contact connection dialog.

8.1.5.3 ABAQUS Extra Connection

Additional local/global connections can be defined (see Fig 8.1.16). Click the Add Connection
button to display the dialog in Fig 8.1.19. The connection can be made using contact or
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constraint. The contact and constraint dialogs shown in Sections 8.1.5.1-2 are reused here. The
two mate surfaces from the global and local model must be selected by the user.

To delete an extra connection, highlight the connection name and click the Delete Connection
button (see Fig 8.1.16).

ABAQUS Extra Local/Global Connection

|
ABAQUS Extra Local/Global Connection

r " Tie constraint Contac‘tl Constraint | M Global = Master

 Select global surfaces:

[[] GLOBAL_CONMNECT_SURF [] Part-Cube-1_Set-Cube [ set-BC-X i|
[ setBCY [ setBC-z [[] Surf-Top
[T all nodes Jd|

r Select local surfaces:

[ AUTO_CUT_SURF [ Part-Cube-1_Set-Cube [] all_template_nodes

cancel | q | Enien

I

Figure 8.1.19 ABAQUS extra connection dialog.

8.1.5.4 ABAQUS Command Line Panel

If the user selects the View/Edit Command button in Fig 8.1.16, the ABAQUS command is
displayed, Fig 8.1.20. The command line can be edited if desired. Typically, users will set the
ABAQUS executable and parameters in the Preferences rather than editing this command.
Editing this command line is not “permanent”, but the edits should be carried forward for
subsequent static analyses of the current model.

FE Analysis Command

Abagqus Command Line

I"ahaqus.bat" joh=ct_full -interactive -analysis

Edit |
Cancel | Accept |

Figure 8.1.20 ABAQUS command line panel.

8.1.5.5 ABAQUS Write Files but DO NOT run analysis

In some cases, the user might want to write the analysis files from FRANC3D without running

ABAQUS. The Write files... option (see Fig 8.1.16) will cause FRANC3D to write all the
analysis files.
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A .txt file is written along with the .inp and .fdb files; the ABAQUS command is written to this
.xt file for reference. Note that if one sends this file to a different computer for analysis, the .dp
file that is extracted must be retrieved so that FRANC3D can compute SIFs (see Section 4.7).
The .dip file is extracted from the ABAQUS .odb file by running the command:

abaqus python writeDtpFile.py

The writeDtpFile.py is written by FRANC3D along with the other restart/analysis files.

8.1.6 NASTRAN Options Panel

If NASTRAN is the solver, the user can set options and analysis parameters for NASTRAN, Fig
8.1.21. The first pane contains the NASTRAN executable file name. This should be set in the
Preferences (see Section 5.2) but can be modified or set here. A Python script can be executed on
the .bdf file prior to running NASTRAN. The Python executable can be set here also.

The second pane allows one to edit default settings; see Section 8.1.6.1.

The third pane allows the user to select the global model to connect to the local cracked model.
If there is no global model, this option should be unchecked. The global model file name should
be filled automatically based on the original FE model import.

The fourth section allows the user to specify whether CFT and CFC are applied. If CFTs are
defined (see Section 7.1), the Apply crack face tractions should be checked automatically.

Crack face contact conditions can be applied also if the crack is subjected to compressive loads.
If the Define crack face contact option is checked, the Contact button is activated; see Section
8.1.6.2.

The final pane contains the button View/Edit Command, which will be described in Section
8.1.7.3. This option is inactive if the Connect to global model is selected, as it will be active in
the subsequent panel.
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Static analysis

MASTRAM Options

r NASTRAM run time:

NASTRAN Executable: Inastran.exe Browse |
Python Executable: Ipy’thon Browse |
Python script (will run before NASTRAN): | Browse |

r Local model output:

Edit Defaults |
r Global model:
¥ Connectto global model filename: INastran_Cube_GLOElAL.nas Browse |

r Boundary conditions:

[~ Apply crack face tractions: [~ Define crack face contact:  ©optact

r NASTRAN command:

View/Edit Command I~ | Write files but DO NOT run analysis

Cancel |

Figure 8.1.21 NASTRAN options panel.

8.1.6.1 NASTRAN Edit Defaults

The NASTRAN Local Model Output dialog, Fig 8.1.22, allows the user to adjust some of the
default settings.

Crack front elements typically will be singular quarter-point wedge elements, but these can be
converted to regular wedge elements with mid-side nodes. Collapsed brick and blunted brick
elements can also be used. NX NASTRAN might generate an error when using quarter point
elements, so mid-side nodes might work in that case; there might be a loss of accuracy in the

computed SIFs.

Commands to compute contour (J) integrals can be included in the NASTRAN file. Collapsed
brick elements are required for this.

NASTRAN checks the element shape by default, but this can be turned off using the
GeomCheck option.
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MNASTRAN Local Model Qutput

MNASTRAM Local Model Output
Exractresults:  full model ¢ cracked model  template nodes
¥ Apply RBE3 to midsides:

¥ Turn off GeomCheck:

[T NASTRAN contourintegral

Cancel | Accept | |

Figure 8.1.22 NASTRAN edit defaults dialog.

8.1.6.2 NASTRAN Crack Face Contact

The NASTRAN Crack Face Contact dialog, Fig 8.1.23, allows the user to set crack face contact
options. The parameters in the dialog are described in the NASTRAN documentation and will
be different depending on the flavor of NASTRAN that is used. Note that NASTRAN does not
output contact pressure to the .pch file so one must compute SIFs using displacement correlation
if CFC is included.

MNASTRAM Crack Face Contact

MASTRAN Crack Face Contact Parameters

Contact setID: I 1
Main crack surface 10 I 1
Mate crack surface IC: I 2

Friction coefficient: | 0
Min search dist: I 0
Max search dist | 0.1
Offset distance: I 0

Cancel | Accept |

Figure 8.1.23 NASTRAN contact dialog.
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8.1.7 NASTRAN local/global model connection Panel

If the Connect to global model option (see Fig 8.1.21) is selected, the global model file must be
set, Fig 8.1.24. The Browse button can be used to find the file. Note that the check box and the
global model filename are filled automatically, based on the initial FE model import.

Global model:

¥ Connectto global model: (original uncracked file)

Global model filename: IIs‘.nastran_penny_c:rau:k‘auncracked.dat Elrowsel

Figure 8.1.24 NASTRAN connect to global model box.

If the Connect to global model option is selected, the Finish button in Fig 8.1.21, switches to a
Next button. The next panel, Fig 8.1.25, defines how the local and global models will be

combined. Note that the user cannot proceed to the next panel if the Connect to global box is
checked and the Global model filename has not been entered.

NASTRAN localfglobal model connection:

@ Merge nodes " Constraint equations ¢ Contact conditions  Copstizint | Contact

Local node sets to merge/constrain:

AUTO_CUT_SURF [ Part-Cube-1_Set-Cube

Global node sets to merge/constrain:

GLOBAL CONMECT SURF [] Part-Cube-1_Set-Cube
[] Set-BC-Z [[] Surf-Top

[ Set-BC-X [ Set-BC-Y

Additional local/global connections:

<none defined>

Add Cunnectiunl Delete Connection

NASTRAN command:

View/Edit Command | [~ Write files but DO NOT run analysis

Cancel | 4 Back | Finish

Figure 8.1.25 NASTRAN local/global model connection panel.

234



The simplest method to connect a local crack model to a global model is through node-merging.
If the user retained surface mesh facets on the cut-surfaces for the local model, then these
surfaces can easily be glued together by merging nodes. Alternatively, glued contact can be
defined between the cut-surfaces of the local and global models by selecting the Constraint
surfaces option.

Selecting the Constraint equations option activates the Constraint button; see Section 8.1.7.1.

Selecting the Contact conditions option activates the Contact button; see Section 8.1.7.2.

Extra local/global contact/constraint can be defined (see lower section of Fig 8.1.25) for surfaces
other than the crack faces and the cut-surfaces; see Section 8.1.7.3.

8.1.7.1 NASTRAN Constraint

The NASTRAN Constraint dialog, Fig 8.1.26, allows the user to set constraint connection
options for the local and global model portions.

MNASTRAN Constraint Options
Constraint set 1D: 701
Search distance: |—1
Extension factor: 0.01

: Cancel | Accept |

Figure 8.1.26 NASTRAN constraint connection dialog.

8.1.7.2 NASTRAN Contact

The NASTRAN Contact dialog, Fig 8.1.27, allows the user to set contact connection options for
the local and global model portions.
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MNASTRAMN Contact Options

MASTRAM Crack Face Contact Parameters
Contact set |D: 602
Friction coefficient: I 0
| Min search dist: I 0
| Max search dist: I 0.01
i Offset distance: I 0 i

: Cancel | Accept |

Figure 8.1.27 NASTRAN contact connection dialog.

8.1.7.3 NASTRAN Extra Connection

Additional local/global connections can be defined (see Fig 8.1.25). Click the Add Connection
button to display the dialog in Fig 8.1.28. The connection can be made using contact or
constraint. The contact and constraint dialogs shown in Sections 8.1.7.1-2 are reused here.. Two
mate surfaces from the global and local model must be selected by the user.

To delete an extra connection, highlight the connection name and click the Delete Connection
button.

MASTRAM Extra Local/Global Connection

MNASTRAN Extra Local/Global Connection

| & Mone: ¢ Paired contact: ¢ Constrain suffaces:  Coptact | Constraint

" Select global surfaces:
[ GLOBAL_CONMECT SURF [T Part-Cube-1_Set-Cube =
L || setBCX [ SetBC-Y |
| M 2at AC_7 M 2uf Tan ll
- Select local surfaces:
[ AUTO_CUT _SURF [C] Part-Cube-1_Set-Cube
Cancel | 4 Back | Einish |

Figure 8.1.28 NASTRAN extra connection dialog.
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8.1.7.4 NASTRAN Command Line Panel

If the user selects the View/Edit Command button in Fig 8.1.25, the NASTRAN command is
displayed, Fig 8.1.29. The command line can be edited if desired. Typically, users will set the
NASTRAN executable and parameters in the Preferences rather than editing this command.
Editing this command line is not “permanent”, but the edits should be carried forward for
subsequent static analyses of the current model.

FE Analysis Command

Mastran Command Line

II\? LO~Bdbitsbinsnastran.exe" "C:iwTempsnastran_cubesjunk full  bdf"

Edit |
| Cancel | Accept | |

Figure 8.1.29 NASTRAN command line panel.

8.1.7.5 NASTRAN Write Files but DO NOT run analysis

In some cases, the user might want to write the analysis files from FRANC3D without running
NASTRAN. The Write files... option (see Fig 8.1.25) will cause FRANC3D to write all the
analysis files.

A .xt file is written along with the .bdf (or .nas) and .fdb files; the NASTRAN command is
written to this .zxt file for reference. Note that if one sends this file to a different computer for
analysis, the .pch file that is written by NASTRAN must be retrieved so that FRANC3D can
compute SIFs (see Section 4.7).

8.2 Crack Growth Analysis

This wizard allows one to set up and run a series of crack growth analyses. The first set of
wizard panels are the same as for the Grow Crack wizard described in Section 6.5. The SIF
computation method along with the crack growth extension and kink angle models must be
defined.

The analysis code panels are the same as those described in Section 8.1.

The wizard panels that are displayed after defining the crack growth model, but before the
analysis code panels, are described next.
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8.2.1 Crack Front Smoothing Panel

The crack front smoothing panel, Fig 8.2.1, provides crack front fitting and template options.
The options here are the same as the front fitting options described in Section 6.5.5, although
they are arranged differently. One might do one step of crack growth as described in Section 6.5
before attempting automatic growth to determine the appropriate (best) fitting and extension for
the model. The fitting options might need to change as the crack grows.

Fitting & Ternplate Parameters

Front Fitting Options
" Kink&Angle/Extension Poly Fit palynamial order: I 3
Fixed Order Poly Through Points  ayirapolate (3%): I 5 I 3

o)

" Multiple Poly Through Paoints T I_El I_EI
" Hermitian Closed Paly

¢ Cubic Spline multiple poly ratio: |—5

" Maoving Polynomial oving polyrange: |—5

" No Smoothing ¥ Allow fit adjustment

Flaw Template

¥ use crack-front template

Template radius setas: & absolute value ¢ % of crack increment

Template Radius: I 0.1/ Eront: |4 =]/ = Set All Fronts

[T Simple Intersections Only

Meshing Parametersl Advanced Dptionsl

Extension
(¢ distance extension scale node: I 05
| cycles extension

Cancel | <] Bac | Mext [» |

Figure 8.2.1 Crack growth analysis wizard panel for fitting and template parameters.

8.2.2 Crack Growth Increments Panel
The next panel, Fig 8.2.2, allows the user to specify the number of crack growth steps and the

median crack growth increment per step. The dialog that is displayed will depend on whether
you chose to do quasi-static (left side of Fig 8.2.2) or subcritical (right side of Fig 8.2.2) growth.
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There are three choices for entering the extension per step: a constant value for all steps, a linear
variation, and user-defined values. The user-defined values can be read from a .zxt file; the data
consists of extension length (or number of cycles) for each step.

Growth Plan

Growth Termination Criteria

¥ Completedioad schedule

¥ Critical stress intensity factor
¥ Threshold stress intensity factor
™ Crack front extension failure

V¥ Maximum number of growth steps Steps: I EI
[~ Maximum number of load cycles  Cycles: I 0

Growth Plan [~ Maximum elapsed time Tirme: I—g
Specified Crack Growth Steps ™ Maximum crack depth Dz I—U
Number of Crack Growth Steps = Iii Specified Crack Growth Steps
= Constant Crack Growth Increments & Constant Crack Growth Increments
CrackGrowtn Stepsize= [ 02 CrackGrowth StepSize= [ 0.2
¢ Linearly Increasing/Decreasing Crack Growth Increments " Linearly Increasing/Decreasing Crack Growth Increments

First Crack Growth Step Size = I 1
I 1

Change in Step Size at Each Step =

1]

" User Defined Crack Growth Increments  User Defined Crack Growth Increments
Define Steps| Read From F”5| & Define Stepsl Read From Filel &
Cancel | <| Back | Mext [ | Cancel | <] Back | Mext [ |

Figure 8.2.2 Crack growth analysis wizard panel for median crack growth increments.

The subcritical growth dialog includes various Growth Termination Criteria. Some of the
criteria are turned on by default and cannot be turned off. Other criteria can be turned on as
desired. Note that maximum crack depth might be difficult to determine.

8.2.3 Analysis Code Panels

The next panel, Fig 8.2.3, allows one to specify the base file name. All crack growth steps will
use this as the base name, and a crack step number will be appended. The current crack growth
step number can be set also; this number is used to create the file name (e.g., base STEP_002).
The analysis code is based on the original FE model, and the analysis options are described in
Section 8.1.
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Crack growth analysis

NASTRAN Options

File Names

Base filename: |Nastran_Cube

Current crack growth step: I 0

(avoid spaces and special characters)

r MASTRAN run time:

NASTRAN Executable: Inastran_exe

Python Executable: Ipython

Python script (will run before NASTRAM): I

Browse |
Browse |
Browse |

r Local model output:

Edit Defaults |

r Global model:

¥ Connect to global model filename: INastran_Cube_GLOElAL.naS

Browse |

r Boundary conditions:

™ Apply crack face tractions: I™ Define crack face contact: Coniact |

r NASTRAN command:

View/Edit Command

Cancel

< Back

| Next [» |

Figure 8.2.3 Crack growth analysis wizard panel for analysis code and base file name.

9. Fatigue Menu Wizards and Dialog Boxes

The wizards and dialog boxes for the Fatigue menu option are described in this section.

9.1 Fatigue Cycle Computation

Earlier versions of FRANC3D, relied on a “K vs a” type of SIF history to compute fatigue

cycles. A path through the crack fronts is defined, Fig 9.1.1, and the SIFs are computed at each

point where the path crosses a crack front; this gives a SIF versus path length plot, Fig 9.1.2.

There are drawbacks to this approach: 1) a single path can be difficult to define for many cracks,

and 2) different paths tend to give different numbers of cycles.
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Stress Intensity Factor Range

path\

:I“

N

Figure 9.1.1 A path through a series of crack fronts.

AK along path

O T T T T

0.0 0.2 0.4 0.6 0.8
Crack Length

Figure 9.1.2 SIF (range) versus path length.

Figure 9.1.3 Ambiguous path selection.

1.0
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35 1
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=
-
&
K] 25 A
= ——15 degrees
S 20 4 ——30degrees
% 15 | —45 degrees
g —60 degrees
2 10 1 ——75degrees
S
5 | ——90 degrees
0 T T T T T T
0 50,000 100,000 150,000 200,000 250,000 300,000 350,000

N, Cycles

Figure 9.1.4 Different paths give different numbers of cycles.

Cycle counting uses a “multiple variable degree of freedom” approach. For each node j on crack
front 7, Fig 9.1.5:

a)

b)
©)

d)

project from node j, perpendicular to the crack-front i, to find the intersection with the
next crack front i+1,

interpolate (if needed) to find AK at the intersection point with crack-front i+1

assume a linear variation in the AK’s going from step i to step i+1 and integrate to find
the cycles (Ni))

average the computed cycles for all crack front nodes to obtain one value for cycles
required to grow from crack front i to crack front i+1.

node; 411

AK it

step;

Figure 9.1.5 Cycles computed for each node along the crack front.
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This process is repeated for each step of crack growth, Fig 9.1.6, which produces cycles versus
crack-growth-step, Fig 9.1.7.

crack front i+1 crack front i

Figure 9.1.6 Cycles computed for each node along each crack front.

= e
0o o Mo
| |

cumulative cycles (million)
an
|

0 T T T
0 20 40 60 80

crack growth step

Figure 9.1.7 Cycles versus crack step.

There are several benefits of this approach. The most significant is that all paths give the same
number of cycles. Paths along the model surface, where SIFs are least accurate, can be plotted
and the cycles will be consistent with a path through the mid-points of the fronts, Fig 9.1.8.
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Figure 9.1.8 Different paths give the same number of cycles.

For cracks such as that shown in Figs 9.1.3 and 9.1.9, path selection might be ambiguous, but all
paths will give a consistent number of cycles, assuming the paths go through the same number of
crack steps.

.
.
i,
W,
il
%4

7
2.

<
|
/////,//////

)
i

Figure 9.1.9 Different paths give the same number of cycles.

9.2 Fatigue Life Predictions

The Fatigue Life wizard, Fig 9.2.1, allows the user to compute fatigue cycles. The dialog shows
the cracked model on the left. The right side will display plots of cycles, SIFs, and other data.
The buttons and options in the middle pane are described here.

Note that the Set Parameters button leads to the crack growth model selection described in

Section 6.5.1. The crack growth model that was used to grow the crack can be re-used here, or
one can choose a different model to compute cycles.
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If the user grew the crack with a quasi-static growth model, the right-side pane in Fig 9.2.1 will
indicate that no lifing parameters have been defined. If crack growth was done using a
subcritical growth model, the parameters are defined, and the right-side pane will show a plot of

cycles versus crack step.

1 Fatigue life
Display Read SIF Data | File Axes
¥ Markers = 5
¥ Vectors et Farameters . Load Cycles vs. Crack Growth Step
F Palygons Read Parameters 13.0x10
F Text Save Parameters
™ Mesh Plot X
ot X axis
W 10.0x10" |
™ Template  Cycles
(reset)  Passes
view_1 € Time .
(crack) & Growth Step g B0x107
< Path Length g
Save Read  Areg k]
S =]
COBE| Cmaxkm) = 50,000
QW@ | oo
View options Plot Y axis
ﬂl @ Cycles 30x10"
Caplure image| | ¢ Passes
0 s
|| ® :
 Growth Step 0.0 L L I I
¢ Path Length “o0 100 200 300 400 500
 Arez Crack Growth Step
el
=Y Total load cycles : 110,237
& VAK(Khold Total Passes : 110,236
, Define Path Integration was Stopped Because:
V¥ _ all available crack steps considered
X Data Table
Crack Front Plots
Advanced Options |
Dismiss

Figure 9.2.1 Fatigue life dialog.

9.2.1 Read SIF Data
The Read Sif Data button (Fig 9.2.1) allows one to read the .fcg file. The .fcg file is
FRANC3D'’s file format for storing fatigue crack growth data, which includes all the SIF history

data. The .fcg file can be created using the Advanced menu option: View/Write Growth
History, Section 14.4. The file selector dialog, Fig 9.2.2, is displayed.

9.2.2 Set Parameters

The Set Parameters button leads to the definition of the crack growth rate model, which was
described in Section 6.5.1.
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SIF History File

A & [21Ansys =

Directories xl Files in E-\F3D_test_suite\Tutorials\Cube Tutorial 1\Ansys
=L sims Als.

0 tmp [ Ansys_Cube_combined_steps fcg

(1 v9_docs [ s1_sb.fcg

23 www
= EN

=] F3D_test_suite

(] AbaqusTests

# ] AnsysTests

] BenchMarks

# ] CheckCyclesTime

(] Extras

# ] FatigueTests

] NastranTests

® 1 run

=1 Tutorials
(21 Crack Interface Tutoria
(] Cube Load Cases Tuto
£ ] Cube Tutorial 1

(] Abaqus

|
- : .
4 » |
|
File name: I

File type: |SIF History Files (" fcg," FCG) j

Cancel

Figure 9.2.2 File selector dialog for .fcg files.

9.2.3 Read Parameters

The Read Parameters button allows one to read a previously saved crack growth rate model
from a file. The file selector dialog, Fig 9.2.3 is displayed with the available .cgp files.

Growth Parameters File

| @ & [C1Ansys -

Directories X | | Files in EX\F3D_test_suite\Tutorials\Cube Tutorial 1\Ansys
= ch J= [
= DA

[ ] fatigue_paris_simple_mm cgp
= EN
=1 F3D_test_suite
= (] AbaqusTests
& (1 AnsysTests
(1 BenchMarks
#(1 CheckCyclesTime
® 1 Extras
(] FatigueTests
#(1 NastranTests
=3 un
= Tutorials
(13 Crack Interface Tutoria
® (] Cube Load Cases Tuto
= Cube Tutorial 1
= (] Abaqus

Blsr] Ans

# (1 Mastran

# (] Nastran orig = |
“ »

File name: I

{ Cancel

File type: |Growth Parameters Files (".cgp.*.CGP)j

Figure 9.2.3 File selector dialog for .cgp files.
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9.2.4 Save Parameters

The Save Parameters button allows one to save the current crack growth model data to a file.

The file selector is displayed; the user can enter a .cgp file name. This file can be re-used as in

Section 9.2.3.

9.2.5 Plot X axis — Plot Y axis

The right-side pane can be used to plot the available data. By default, the crack growth step

number is plotted along the x-axis and the y-axis shows cycles.

9.2.5.1 Plot options

There are eight plot options: Cycles, Passes, Time, Growth Step, Path Length, Area,
MAX(Kmax) and MAX(Khold). Options are only active if the data exists.

Growth Step corresponds to the discrete steps of crack growth that the user defines for analysis.
The cycle count at each step is the average cycle count based on all mid-side nodes as described

in Section 9.1.

Path Length is activated by using the Define Path button. Pressing the Define Path button,

invokes the dialog shown in Fig 9.2.4. This dialog is the same as for the Path tab described in

Section 6.9.1.

Path

Display
¥ Markers Path Type
¥ Vectors & Constant Normalized Distance (0-1) : 05
¥ Palygons € Nearest Point on Next Front (0-1 05
¥ Text " Intersection of Fronts With a Plane Define Plane
™ Mesh
I™ Template Start: Step | 0 ¥| Front | - 'I Final: Step | 5 *| Front |1 ~
I=|Search from final front
(reset)
- - (crack) Path Constraints
Minimum Allowed Mormalized Location (0-1) - 0
et et Maximum Allowed Normalized Location (0-1) 1
Save  Read
Path Curve Fitting
i 4 BaTa| | ™ -
a E @ Gg Fit Path with Palynomial Order 1
EM I View options | Alvsd Lucativus - in (3 I ] v - I 1
I hy Recenter Crack Starting Information
gt x Capture image  Crack Start Point  » | 0 | 0 =z I 0
I D\ e @ & Initial Crack Length length : 0
Cancel | Accept | Accept Save View

Figure 9.2.4 Define Path dialog for plotting fatigue cycles vs path.
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9.2.6 Data Table

The Data Table option displays whatever data is currently active in tabular form, Fig 9.2.5. The
dialog has an Export button that allows one to save this data to a file. Press the Write file
button to save the data to a .zxt file. The WriteFatigueData command is written to the session
log; see Section 2.1.57 in the Commands & Python reference.

Plot Data
' | 1| Crack Area| Step Cycles| Total Cycles
12] 1.56967 0 0
Il 2.28613 985768 985768
El 3.13346 736997 1722765
5] 410697 572097 2294862
| 6] 520837 454403 2749265
7 6.43886 366207 315472
r Default precision ————— | [ Format for selected column(s) ———  Delimiters
¢ Full precision & Fix mat ! Scientific notation (| & Spaces ¢ Tabs ¢ Commas
& Limited I 63: significant figures | | Significant digits 6=
Decimal digits 6=

Cancel | Write File |

Figure 9.2.5 Data table dialog.

9.2.7 Crack Front Plots

The Crack Front Plots option displays SIFs and other data, Fig 9.2.6. There are tabs along the top
right that allow one to display Kmax, Kmin, AK, Keg, Kstatic, Knold, R, and Temperature. The data
can be displayed in a table or exported to a file using the Table and Export tabs. The
WriteGrowthData command is written to the session log; see Section 2.1.58 in the Commands &

Python reference.

Data can be displayed for each crack front and for each crack growth step.
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B Crack Front Growth Parameters
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Figure 9.2.6 Crack Front Plots dialog.

If the Path option is selected (see Fig 9.2.4), the Crack Front Plots dialog displays the data along
the defined path, Fig 9.2.7. There is an extra Path tab that can be used to change the path. The
data can be displayed in a table or exported to a file using the Table and Export tabs. The
WriteGrowthPathData command is written to the session log; see Section 2.1.59 in the
Commands & Python reference.

B Crack Front Growth Parameters
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Figure 9.2.7 Crack Front Plots along a path dialog.
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9.2.8 Advanced Options

The Advanced Options button is used to set the starting crack step and to limit the amount of
crack front, Fig 9.2.8. The default uses the initial crack front (# 0) as the starting point for fatigue
cycle counting; the user can change this to a later crack growth step. The default Lower and
Upper bounds are set so that the cycle counts from the two ends of the crack front are not
included in the final average for the front; the user can change these limits here.

Advanced Options

Start integration from step: I 0

Mormalized bounds for averaging (0-1)

Lower bound: I 0.075 Upper bound: I 0.925
Cancel | Accept |

Figure 9.2.8 Advanced Options dialog.

9.3 View/Edit Growth Parameters
The View/Edit Growth Parameters menu option allows the user to view and edit all the current

crack growth parameters. The dialogs described in Section 6.5 are presented with the current
settings and values; these can be edited here.

9.4 Crack Front Fatigue Values

The Crack Front Fatigue Values menu option displays the dialog shown in Fig 9.2.6.

9.5 Fatigue Values Along a Path

The Fatigue Values Along a Path menu option displays the dialog shown in Fig 9.2.7.

9.6 Growth Rate File

The Growth Rate File menu option generates a file giving the crack extensions for the events in
the schedule. The file format is:

1.11774e-05 7.70014e-06 3.47724e-06
1.07664e-05 7.41722e-06 3.34917e-06
1.01888e-05 7.01946¢-06 3.16935e-06
9.74347e-06 6.7128e-06 3.03067e-06
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There is one row for each crack front point. The first column gives the total crack extension for
each point for one pass through the load schedule. The second and third columns give the
extensions for one pass through events 1 and 2, respectively. The WriteGrowthRateFile
command is issued to the session log; see Section 2.1.61.

10. Fretting Menu Wizards and Dialog Boxes

The wizards and dialog boxes for the Fatigue menu option are described in this section.

10.1 Read Model and Results

FRANC3D can read ANSYS and ABAQUS files for fretting analysis. The FE information is
contained in .cdb and .inp files, respectively, Fig 10.1.1. FE information consists of nodes,
elements, and a definition of the contact surfaces.

Once the FE model is imported, analysis results must be imported. A typical fretting test is
conducted by applying a normal load (P) and then applying a maximum and minimum tangential
(shear) load (Qmax and Qmin). Simulating this can produce a pair of results files for the Qmax and
Qmin conditions. In most cases, the Q load is applied in smaller increments, which provides
results at multiple intermediate substeps, as well as the Qmax and Qmin maximum load steps.

Select the Fretting Read model and results menu item, to display the dialog in Fig 10.1.1, and
choose the fretting model. The File type can be changed to Abaqus to display .inp files.

Once the FE model is chosen, the results file must be selected, Fig 10.1.2. One can choose to

read a pair of analysis results, corresponding to the Qmax and Qmin load steps, or read a .dtp file
with multiple load step results.
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Cpen File
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# ] Reprise
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=71 GARMIN |

File name: Ifretling_rig_mat.cdb File type: IAnsys Files (*.cdb,*.CDB) j

Cancel | Accept |

Figure 10.1.1 Fretting dialog for importing FE model data.

Fretting Read Results

Analysis results:

¥ Pair of results

¥ P+Qmax ||g_ri g_ansysi\fretting_rig_mat_|ls1.str Browse |

¥ P+ Qmin |1g_rig_ansysliretting_rig_mat_ls?.str i Browse |

" Multiple load steps (.dtp file)

Select .dtp file: Browse |

cancel | q eack | mnisn |

Figure 10.1.2 Fretting Read Results dialog.

For the Pair of results option, select the Browse button for Qmax or Qmin to display the
dialog shown in Fig 10.1.3. If an ANSYS .cdb file was imported, ANSYS results files are
expected. The ANSYS .s# files are simply the nodal stress listings saved to a file.
Corresponding strain (.stn), displacement (.dsp) and contact status (.con) listings should also
exist with the same name prefix.
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ABAQUS results are read from .fi/ files.

Locate results file(s)

@ B ID fretting_test_rig j

Directories X | | Files in Cibrucel\ansysifretting_test_rig
= c J ) [}
B[] Autodesk 1 abaqus
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(Z1 Abaqus_applied_disp [ fretting rig_Is1.str

(] Abaqus_base D fretting_rig_ls2.str

# ] Abaqus_cload_dload
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(1 ansys_with_temp_mat
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Cancel | Accept |

Figure 10.1.3: Fretting dialog for locating results files.

Selecting the Multiple load steps option activates the Select .dtp file field, Fig 10.1.4, and allows
one to Browse for the .dtp file. The .dtp files can be created from ANSYS using APDL
commands and from ABAQUS using Python commands.

Fretting Read Results

Analysis results:

¢ Pair of results

¥ P +amax I Browse |
¥ P +amin I Browse |

' Multiple load steps (.dtp file)

Select .dtp file: Iettin g_rig_ansys\iretting_rig_mat.dtp Browse

i

Cancel | <] Back | Finish |

Figure 10.1.4: Fretting dialog for locating results files.

FRANC3D reads the mesh information and results and determines the contact surfaces. The user
can choose the contact pair to be analyzed using the dialog shown in Fig 10.1.5. The contact
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pairs are listed on the left side and colored blue in the model. The blue surface is colored red
when it is selected. Note that only one contact pair is analyzed at a time.

Select contact-pair surface

= Contact pairs Display

M contact_pair_& ¥ Markers
¥ Vectors

¥ Polygons

¥ Text

(reset) (d}

Save | Read |
TR
N LN
View options
Recenter
Capture image
C || B

Display options
¥ Transparent 5
I™ GloballLocal cut surfaces WX
[~ Mesh overlay
Edges: & bold ¢ subtle

:

Accept

Cancel

Figure 10.1.5 Select contact-pair surfaces dialog.

10.2 Import Nucleation Data

FRANC3D can import experimental fretting fatigue test data and perform curve fit operations on
the data. Select the Import Nucleation Data menu item to display the dialog shown in Fig
10.2.1. The user can select a file containing the experimental data using the Read from file

button. The format for this text file is:

sigma_axial  cycles

675.3 2.23e4
655.7 2.63e4
533.8 4.45¢e4

The fretting data is shown in tabular and graph form, Fig 10.2.2. The user can perform curve
fitting on the data using the Curve Fit drop-down menu. The menu provides seven different
equations for comparison, but the standard fretting model corresponds to the Power Law 2

equation.
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Cancel |

Figure 10.2.1 Fretting dialog for importing experimental fretting nucleation data.

The usual fretting nucleation model uses a power law relationship with four coefficients to relate
the fretting nucleation cycles on the horizontal axis with the fretting parameter on the vertical
axis. This power-law is shown in Fig 10.2.2, which also shows the fit through the data. The
goodness-of-fit is displayed on the top of the plot along with the equation coefficients.

Curve Points Nucleation vs. Cycles
%+ Number of points: | 20 y = 442,8360 05510 4 364 8005
number of fretting cycleslfretting nucleationli fitting coefficient = 0.978
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Cancel | Accept

Figure 10.2.2 Fretting nucleation data with power law curve fit through the data.
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10.3 Fretting Crack Nucleation

FRANC3D computes fretting fatigue crack nucleation cycles and initial crack location (and
possibly the orientation) based on one or more of the fretting nucleation models that have been
implemented. These include: the equivalent stress, the critical plane shear stress amplitude, the
critical plane Smith-Watson-Topper, the Ruiz-Chen model, and a modified Smith-Watson-
Topper model. The model equations and parameters are briefly summarized here.

For more details, refer to: Three-dimensional Simulation of Fretting Crack Nucleation and
Growth, B.J. Carter, E.C. Schenck, P.A. Wawrzynek, A.R. Ingraffea, and K.W. Barlow, EFM, 96
(2012), p.447-460.

The equivalent stress model is defined by:
Geq = 0.5 (AGpsu)” (Gmax)l'w (1)
where Acpsu and omax are functions of the nodal stress components and w is a material dependent

fitting parameter. Based on curve fitting of experimental data, the equation in the form of the
power law:

Geq = aNib + CNid (2)

relates Geq to Ni, where coefficients a — d are material dependent fitting parameters. For
example, for Ti-6Al-4V, a=52476,b =-0.6471, ¢ =450.85 and d = -0.03582.

The critical plane shear stress amplitude model is defined by:
Yerit = Tmax/G (I‘Rr)m (3)

where Tmax 1s the maximum shear stress on the critical plane, R- is the shear stress ratio, G is the
shear modulus, and m is a material dependent fitting parameter. Substituting Yerit for Geq in
equation (3), one can compute N; given the appropriate values for the coefficients a —d. For Ti-
6Al-4V, a=6.46, b =-0.686, c = 4.65x10-3 and d = 1.22x10-2.

The critical-plane Smith-Watson-Topper model is defined by:

Lerit = Omax (A€/2) = (o / E) 2Ni)*” + o rer (2N;)*™ 4)
where Gmax 1s the maximum principal stress and Ae represents the normal strain amplitude on the
critical plane; this equation is already in the form of equation (3). E is the elastic modulus, ot

and &r are material strength parameters, and b and c are fitting parameters. For Ti-6Al-4V, or =
376.6 MPa, b =1.78x10-4, ¢ =-0.767 and &r = 32.4.
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The Ruiz-Chen model fretting parameter, >, is equal to the product of the shear stress (),
relative slip (8), and bulk normal stress (G):

F>=01d (8)

The number of cycles is computed by replacing Geq in equation (2) with F>. The parameters a, b,
¢, and d will be material dependent.

Recent work by Hirsch? (2013) following work by Ding et al’ (2007) indicate that a fretting
model that combines the Ruiz-Chen and SWT (or Fatemi-Socie) models can more effectively
predict fretting crack nucleation location and cycles, in addition to accounting for the transition
from fretting to wear. Hirsch (2013) used the Fatemi-Socie model for his material and test
specimens and proposed the following:

FS-D=f(Ny) )]
where

D =|:[1_—a}ew:n_"' +a]|:[l—c}€ﬂn—" +r:|

K ia
W, = - (5]
o 1+a¢{r ]

and a, b, ¢, and d are constants, FS is the Fatemi-Socie parameter, R is the wear rate, Wer is the
effective work, kdam is the fraction of the total frictional energy that goes toward fatigue damage,
olep 18 the ratio of the frictional energy, and (t9) is the frictional work.

The first dialog box that is displayed after selecting the Fretting Crack Nucleation menu item,
if there are more than two load steps, is shown in Fig 10.3.1. The user can specify the pair of
load steps of interest or have FRANC3D process all load step pairs to find the pair that
maximizes the fretting parameter.

2 Hirsch, M. (2013) Temperature Dependent Fretting Damage Modeling of AISI 301 Stainless Steel. PhD Thesis,
Georgia Institute of Technology.

3 Ding, J. et al., (2007) Fretting fatigue predictions in a complex coupling. International Journal of Fatigue, 29,
1229-44.
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Figure 10.3.1 FRANC3D Fretting dialog to select load step results.

The next dialog box, Fig 10.3.2, allows the user to select one of the fretting nucleation models.
Selecting Next leads to the dialog shown in Fig 10.3.3, which lets the user define the fretting
model parameters. Note that the user can select the fitting coefficients based on a curve fit
through the experimental data (see previous section). If these coefficients are not available, the
option for curve fit values is disabled. All fretting models have similar dialogs, Figs 10.3.4 -
10.3.7.

Fretting nucleation

Specify fretting nucleation model:
@& Equivalent Stress

¢ Critical Shear Stress

¢ Critical Smith-Watson-Topper
¢ Ruiz-Chen

" Modified SWT

| Next [>

Cancel | <

(m}

Figure 10.3.2 Dialog to select fretting nucleation model.
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Fretting Mucleation

Figure 10.3.3 Fretting dialog to set equivalent stress fretting model parameters.

Fretting Nucleation

Figure 10.3.4 Fretting dialog to set critical shear stress model parameters.
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Fretting Mucleation

Fretting Nucleation

Figure 10.3.6 Fretting dialog to set Ruiz-Chen model parameters.
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Figure 10.3.7 Fretting dialog to set modified SWT (FS) model parameters.

The dialog boxes shown in Figs 10.3.3 - 10.3.7 have an option for averaging stress and strain.
Rather than computing the fretting parameters based on surface node values, the user can choose
the element centroid or an averaged value. If the averaged at node option is chosen, the next
dialog box is shown in Fig 10.3.8. The user can adjust the size of the displayed sphere by
changing the Averaging length value. Note that stress values are not averaged across material
region boundaries. Typical length values used in the literature are based on material grain size.
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Display

™ Markers
¥ Vectors
Averaging length: IW ¥ Polygons
V Text

™ Mesh

Stressistrain averaging:

[~ Show edge-of-contact:

¥ Show slip direction:

Rotate slip: In
Scale slip display: Im

|(reset} (d)

Save | Read

UQna
DEHD

View Options |
Recenter |
Capture |

O, || )

Cancel | <] Back | Mext [» I

Figure 10.3.8 Fretting dialog for volume averaging of stress (and strain).

Selecting Next on the dialog shown in Fig 10.3.8 leads to the dialog shown in Fig 10.3.9. This
dialog shows the model and allows the user to view the contact surfaces, the edge of contact, the
fretting nucleation cycles, and the fretting parameter values. The latter two items can be
displayed as text or using color contours.

Selecting the Save to File button on the dialog shown in Fig 10.3.9 leads to the file save dialog
shown in Fig 10.3.10. The fretting nucleation data is saved to a text file with the following

format:

primary surface

node X y z parameter cycles
19222 0.49648972  0.91291108 0.15 25 19283
20917  0.52414545  0.94056681 0.12 29 18453
20881  0.51283174  0.92925310 0.12 24 19898
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Figure 10.3.9 Fretting dialog for displaying fretting nucleation cycles and parameter values
and contours.
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Figure 10.3.10 Fretting dialog for selecting file to save fretting nucleation predictions.

The user can go Back and choose a different fretting nucleation model to compare predictions.
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10.3.1 Surface treatment residual

An additional option for each of the fretting models (except for the Ruiz-Chen model) is the
ability to add a surface treatment residual stress. Checking the Add residual stress box leads to
the dialog in Fig 10.3.11. The residual stress treatment is the same as described in Section 7.2.4.
The stress versus distance from the surface is specified or read from a file, and then the treated
surface is identified. The residual stress is added to (or subtracted from) the bulk stress when
computing the fretting parameters.

Fretting nucleation

Curve Points Surface Residual Stress

Number of points: B Lo

distance ‘ stress |

=
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=
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=
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=

o
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Copy to clipboard |

Read from file Save to file |

1 I I
-10 03 0.0 03 10

distance

Cancel | 4 Back |

Figure 10.3.11 Fretting dialog for selecting file to save fretting nucleation predictions.

10.4 Region Color

FRANC3D will display material regions with distinct colors. The Region Color menu item
allows the user to turn on or off the region coloring, Fig 10.4.1. This option is purely for display
purposes, and regions can be differentiated in complex multi-region models.

Color Material Regions

¥ Do color material region

Cancel | Accept |

Figure 10.4.1 Fretting dialog for turning off/on region coloring.
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11. Display Menu Wizards and Dialog Boxes

The wizards and dialog boxes for the Display menu options are described in this section.

11.1 View Response Dialog

The View Response menu item allows one to view the deformed shape of the current model.
Analysis results are required to activate this menu item. The dialog shown in Fig 11.1.1 is
displayed.

The Display Mesh Overlay can be turned off to remove the surface mesh facets from the model
view.

The deformed shape can be displayed by turning on the Display on Deformed Geometry option
and entering a non-zero magnification factor, Fig 11.1.2. If there are multiple load steps, the
deformed shape for a specific load step or for the sum of all load steps can be selected.

1" Response B - »
DSEY Mesh overlay
2
Markers  Display mesh overlay
¥ Vectors
¥ Polygons I Show mesh node ID's
¥ Text Mesh color: & Black ¢ White
™ Mesh g ’70
™ Fronts
™ Template Deformed geometry
W I Display on deformed geometry
(crack) 0
Displayed regions
Save | Read
+ All regions 1
vQ®a
g (@ ¥ 12| | ¥ Show original solid

i - - I Show original outline
. View options
L 'mm Recenter ™ Show region colors
z Capture image
O [l

Figure 11.1.1 View Response dialog showing undeformed mesh.
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X
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Figure 11.1.2 View Response dialog showing the deformed shaded solid and the original
wireframe outline.

11.2 Create Animation Wizard

The Create Animation menu item allows one to create and save crack growth animation files.
The dialog, Fig 11.2.1, allows one to select a set of FRANC3D restart (.fdb) files to create an

animation of the crack growth.

The File — Read Files menu option displays the file selector dialog, Figl1.2.2. One can select
the set of .fdb files for the crack growth animation. Use the Shift or Ctrl key to select multiple

files.

Select Accept when ready, and FRANC3D will read each of the .fdb files along with the
associated FE files. This process can take some time depending on the number of files and the

size of the model; a status bar is displayed as the files are processed.
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Figure 11.2.1 Create Animation dialog.

Once all files have been processed, the first crack model is displayed, Fig 11.2.3. The ordering
of the crack models is based on the file name.

The Last and Next buttons at the bottom are activated; the First and Prev buttons will be
activated if one steps to the next or last crack model.

The avi file button is also activated. This allows one to save an .avi file of the crack growth
steps. The file consists of a series of images (one for each step of crack growth) based on the
current model view (camera position). You should orient the model into a camera position that
shows all of the crack growth steps before clicking the avi file button.

The Settings menu has two options: 1) Frame Rate and 2) Angle Threshold. The frame rate of
the .avi file can be adjusted to speed up or slow down the animation. The angle threshold
controls the display of the geometric lines and surfaces (see Section 14.1).

Note: if the last step of crack growth is not displayed correctly when playing, make a copy of the

last step, and include it at the end of the list of files that are selected. For example, in Fig 11.2.2,
the extra copy of the ¢ step 006’ might be called “ step 006b’.
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(=Nl J ) [
1 Autodesk D Abaqus-Cube-2cracks fdb
=] bruce
=[] ansys
# ] Abaqus_applied_disp
=i [

[Z1 Abaqus_cload_dload
[Z1 Abaqus_user_defined
[Z1 ansys_with_temp_mat
21 BMCB35
21 gear
1 merge_cracks
1 test_cube_wb _
1 Toyota

1 ng3z

1 nge4

1 Reprise

21 cygwing4

[Z1 GARMIN
21 NVIDIA
[Z1 PerfLogs
#[1 Proaram Files i
File name: ||b.mb,Abaqus-r:ube-sub_STEF'_om.rdn,Abaqus-f:ube-sub_STEP_UUQ.rdb,... File type: [FRANC3D Files Files (*fdb,* FDB) |

| Cancel | Accept

Figure 11.2.2 Create Animation select .fdb files.

8" Create animation

File Settings

Display

¥ Markers
¥ Vectors
V¥ Palygons
¥ Text

™ Fronts
™ Template

(reset) (d)

Save | Read

S La|lE)
T L

View options

Recenter

Capture image

\b L[| Oy

i

y X

<

4 F’revl First | avi file | Last | Mext [» |

Figure 11.2.3 Create Animation dialog with cracked model imported.
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12. Single Crystal Menu Wizards and Dialog Boxes

The wizards and dialog boxes for the Single Crystal menu options are described in this section.

12.1 Resolved Slip System Ks

The Resolved Slip System Ks menu item allows one to view the SIFs along the crack front

resolved onto slip planes. The first dialog, Fig 12.1.1, allows you to select the SIF computation
method; this is the same as in Section 6.4. The SIFs Display dialog, Fig 12.1.2, is different from

the standard SIF display (see Section 6.4); it includes options to display the SIFs resolved into

the various slip planes (e.g., 111). Rather than the standard three SIF modes (Ki, Ky and Ki),

one can plot Krss, Krns and Krss/Krns.

Compute SIFs

Stress Intensity Factor Computation Method

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

" Displacement Correlation (least accurate)
¢ Virtual Crack Closure Techigue (VCCT)

V¥ Plot Stress Intensity Factors ‘

Cancel | <] Batl | Einish |

Figure 12.1.1 Compute SIFs computation method dialog.

B Resolved Stress Intensity Factors (Interaction / M-Integral)

File Dala Axes

Display

Crack Growth Step |0 |

¥ Markers
¥ vectors
™ Polygons
¥ Text

™ Mesh

(reset)
(crack)

Save | Read |
ol Dalf
& Ol o
View Options |
Recenter |
Capture |

e Ll 55

Analysis Load Step |1 | SubStep [0 | CrackFront I‘. hd

& (111) © (117) © MT) © (111) ¢ Max

Kos | Fuw | K/ Kiws|  Table

View Orientations

| Beor |

Resolved Shear Stress Intensity Factor

235

—(111)[011]
—(111)[101]

— (111)[110]

normalized distance along front

08 Lo

Figure 12.1.2 Resolved SIFs display dialog.
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The View Orientations button displays the dialog in Fig 12.1.3.
the slip plane orientation relative to the crack orientation.

Crack Front Orientations

Display options

Mormalized front location: IU.51 00 VI

¥ Crack Axis I SlipPlane -11-1
™ Material Axis ™ Slip -1 [T Slip Plane -1-11
[ Material Cube [~ Normal Plane

This gives a visual display of

Y

L

01-1

Yo

(reset)
e (crack)
111

101

Display

¥ Markers
IV Vectors
¥ Polygons
IV Text

™ Mesh

Save | Read

DAl
A LA

View Options |
Recenter |
Capture |

O, || @

Dismiss |

Figure 12.1.3 View Orientations dialog.

12.2 Resolved Slip System Ks Along a Path

The Resolved Slip System Ks Along a Path menu item allows one to view the SIFs along a
path through the crack fronts. The dialog, Fig 12.2.1, is slightly different from the standard

dialog in Section 6.9. As for the Resolved SIFs dialog (see Fig 12.1.2), the user can select the

slip plane and plot Krss, Krns and Krss/Krns along the path.
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7 Resolved Stress Intensity Factors

File Data Axes

Display Analysis Load Step |1 ~/|
™ Markers — _ —

& (1) © c c € Max C P:
[ Vedors (111) (111) (111) (111) Max Path
¥ Polygons Kpss I Kiys | Kpss/ Kans|  Table | Path Export
v Text
™ Mesh

Resolved Shear Stress Intensity Factor

25.0 %10°

(reset)
(crack)

20.0%10° |

_Save | Read

© QB al 15.010°

Dan o)

View Options I

Recenter I
Capture I

5 o —(111)[01T

i a1 S —{uljfml}

—(111)[110]

Kpss

10.0x10° |

i 0.0 '
L 0.0 0.01 0.02 0.03
. distance along path

Figure 12.2.1 Resolved SIFs along a path dialog.

12.3 Resolved Max Shear Direction Ks

To be added....

12.4 Resolved Max Shear Direction Ks Along a Path

To be added....

12.5 View Crystal Orientations

The View Crystal Orientations menu item allows one to visualize the crystal orientation, Fig
12.5.1, relative to the model and the crack. The slip planes can be displayed and moved around

in the model using the options on the left side.
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Crystal Orientation
Display Options Display
™ Material cube :: B
— v Vectors
v (111) & (111) ¥ Palygons
(1) iy :ZTM
Mesh
Center ™ Node Mum
& Anchor at point (resel)
X coord: I 0 (crack)
Y coord: I 0
Z coord: I
2 Save | Read
¢ Anchor at node oo a
nde I 0 iy | @@
Size View Options |
Larger | Smaller | Recenter |
Fine adjust Capture |
I
L[| Oy
Dismiss |

Figure 12.5.1 Crystal Orientation dialog.

13. Electrical Menu Wizards and Dialog Boxes

13.1 Electrostatic Energy Release Rates

To be added....

14. Advanced Menu Wizards and Dialog Boxes

The wizards and dialog boxes for the Advanced menu options are described in this section.

14.1 Edges Wizard

The Edge Extraction dialog, Fig 14.1.1, allows the user to control the geometry that is extracted
from the finite element facets. The Angle Threshold can be adjusted to increase or decrease the
number of surfaces by blending facets together.

The left side image in Fig 14.1.1 shows a curved surface that is treated as a single surface based
on the default angle threshold. If the angle is increased from 151 to 166, the surface appears as
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shown on the right. In most cases, the default angle is good. However, for coarse meshes and
doubly curved surfaces, it is sometimes helpful to break the surface into more patches.

Section 4.4 of the User’s Guide describes a case where the edge wizard is used to improve the
geometry of an airfoil model.

Edge extraction

Edge extraction

Kink Angle Edges
Angle Threshold: | 151 _,?
Planar Seed Fill

I™ do planar seed

Planar Threshold: [ 1792]
Winimum Facels 52

Edge Lines

4

|

Adgd|  Edt|  Detete
Print Curvatures

Display

™ Markers
[ Vectors
[~ Polygens
[ Text

™ Mesh

(reset) (d)

Kink Angle Edges
Angle Threshold: [ 166 _,?
Planar Seed Fill

I™ do planar seed

Planar Threshold: [ 1792]
Winimum Facels 52

Edge Lines
Adgd|  Edt|  Detete
Print Curvatures

4

|

Display

™ Markers
[ Vectors
[~ Polygens
[ Text

™ Mesh

(reset) (d)

cancel |

Enish |

cancel | o | Emsn |

Figure 14.1.1 Edge extraction dialog; angle threshold increased.

The Planar Seed Fill option uses a different algorithm to break the surface patches, Fig 14.1.2.

The Planar Threshold and Minimum Facets can be used to adjust the algorithm results. The
results will vary depending on the underlying model mesh.

-
Edge extraction

Kink Angle Edges

Angle Threshold. | 1512

Planar Seed Fill

¥ do planar seed

Planar Thresholg; | 1792]
Minimum Facets: 54

Edge Lines
I :Iv
sad] - Eor]  Dete

Print Curvatures

Display

I~ Markers
¥ Vectors
¥ Polygons
IV Text

I~ Mesh

| (reset) (d)

Save | Read
DRBE
L

e L

View Options |
Recenter |
Capture |

qoeace | Enien

Figure 14.1.2 Edge extraction dialog with do planar seed.

For cylindrical surfaces such as a hole in a plate, the user can add edges to break up the surface.
By selecting the Add button for Edge Lines in Fig 14.1.1, the dialog in Fig 14.1.3 is displayed to
allow the user to define edges, which are used to divide the surface.
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Line End Paoints

X [v

|z

start 0.000000
end 0.000000

[V Infinite Extent

Close Point Tolerance: I 0.0001

0.000000 0.000000
0.000000 0.000000

Cancel |

Figure 14.1.3 Add edge dialog.

14.2 Display COD Data

The Display COD Data menu item allows the user to view and save crack displacement data,
Fig 14.2.2. This dialog displays the crack opening (COD), sliding (CSD) and tearing (CTD)
displacements along with the corresponding SIFs (Kj, Ky and Kiy).

The three menu items: File, Data and Axes are the same as for the SIF plot dialog (see Section
6.4). As with the SIF plot dialog, the data can be exported to a file, Fig 14.2.2. The crack
displacements, along with the locations where displacements are computed, can be exported.

B Crack opening displacements

File Data Axes

WV Markers
¥ Vectors
¥ Palygons
¥ Text

™ Mesh

I~ Template

(reset)
(crack)

View options
Recenter
X Capture image
LZ

bl

Display Analysis Load Step |1 ~| Sub Step |FIl/AL ~| Crack Front |1 ~|

COD | csD | €TD | Table | Export|

Crack Opening Displacement

0.000723

0.000700

0.000673

(mm)

0.000630

CcOD

0.000623

0.000600 1 1
0.0 .

A )]
normalized distance along front

Figure 14.2.1 Write COD data — create file dialog.
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Analysis Load Step |‘| 'l Sub Step IFIHi'«.L 'l Crack Front |‘| 'I

COD | €SD | CTD | Table Export]

Delimiters Options

¢ Tabs & Spaces " Commas [ Reverse order

Content ™ Units

¥ crack opening displacement
¥ crack sliding displacement
¥ crack tearing displacement
™ COD point coordinates

I front coordinates

™ front coordinate axes

Write ﬁlel Previewl

Figure 14.2.2 Write COD data — export tab.

14.3 Write Template Data

The Save File As dialog, Fig 14.3.1, is presented so that template data can be saved to a file.
The data is saved to an ASCII text file with .s7d extension.

B ' Save File As

Directory:l[j nastran_cube j A 4 CF|Er

4.

File Name: |Untitled0.std

OK |

File Filter: IStd Temp Data Files (*.std,* 5TD)

j Cancel |

%

Figure 14.3.1 Write template data - Save File As dialog.

The file format for this file is briefly described here.
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STD_TEMPLATE_DATA

{

VERSION: 1

NUM_FRONTS: 1

CRACK_FRONT: 049 25 OPEN

CORNER_SET: 0 # corner node ids of template element ring

11978 12907 11421 12440 11888 6756 7686 7222 8147 5762
6227 10350 10816 973 1436 4673 5142 8373 8835

SIDE_SET: 0 # side node ids
6938 3386 6470 14975 6003 2013 616 1081 3384
2479 2916 6383 2450 7784 6385 6854 9277 8246
8815 4877 8353 3061 1198 1662 7643 3527 7180
13551 6713 14015 14362 6338 13898 4288

NODE_COORDS: 1781 # list of all node ids and coordinates

7321 -0.52397588 -0.01178516 9.9308077
11252 -0.47625961 1.0479856e-014 9.7249057
NODE_DISP: 1781 # list of all node ids and displacements

7321 2.34113830186791e-005 0.000939063262674639 -0.000290174323814175
11252 2.24602369565477e-005 0.000940419013229567 -0.0002799458448084

14.4 View/Write Growth History

The View/Write Growth History dialog, Fig 14.4.1, allows a user to view and write the SIF
history data. A list of the crack growth steps is provided, and for each growth step, the data for
each crack front can be displayed. Use the Write file button to save a .fcg file.
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B Crack growth history = m] * B Crack growth history = m] *

EliCrackGrowthData: El CrackGrowthData =

2 Step 0 & Step 0

- ExtType: DIST - ExtType: DIST

SifCompFlags: (M_INTEGRAL THERM) SifCompFlags: (M_INTEGRAL THERM)

- CrackArea: 156981 [l CrackArea: 156981]

Front 1 £1 Front 1
* Step 1 - Start: [4.5.10]
[+ Step 2 - Stop: [6.5.10]
[+ Step 3 - FitFrt: ([3.88009.5.00024,10.2837] [3.86891,5.00023,10.1991] [3.86209
[+ Step 4 - FitOld: ([4.03055,5,10.2454] [4.01501,5,10.1733] [4.00511.5.10.1025] [«
[+ Step 5 - FitExt: (0.155253 0.148376 0.143777 0.140916 0.139411 0.138885 0.12
[+ Step 6 - FitParams: (FIXED_ORDER_POLY 300  6.000000  3.000000)

= Point 1

NPos: 0.010452
Ks: ([13.4319.-0.0102597.0.00140763])
-Js: (0.0164231)
- Ts: (-7.96664)
-~ Temp: (0)
- Coord: [4.00101,5.9.96718]
- Axes: [-0.999528,-2.212e-17 -0.0307345][-4.37833e-16,1,1.35192e1
- KAng: 0.00152766

Ext- 0.150373
Nodeld: (12097)
- Sectld: [1-1] -
0 - 3

Cancel | Write file | Cancel | Write file
Figure 14.4.1 Create Growth History dialog.

14.5 Merge Growth History Files

The Merge Growth History Files dialog, Fig 14.5.1, allows one to combine multiple .fcg files
into a single .fcg file.

Merge History Files

Add File Delete Write File | [Vove up | Move down | Wiew file Reverse arder

Dismiss |

Figure 14.5.1 Merge Growth History Files dialog.

Use the Add File button to select a .fcg file. Select a file name and use the View File button to
display the SIF history data (see Section 14.4).
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Merge History Files

E:\Temp\Tutorials\Cube Tutorial 1\An

AddFile | Delete | writeFile | wioveup | Wove dow

m | View file | Reverse order

Dismiss |

Figure 14.5.2 Merge Growth History Files dialog — with .fcg file selected.

14.6 Read User Extensions

The Read User Extensions menu item allows one to import Python functions into FRANC3D for

use during crack growth. A user can define their own rules for growing a crack with Python
functions. This is more fully described in the Command Language & Python Extensions

reference.

Note that the PATH and PYTHONPATH environment variables will need to be set to have all
the Python capabilities. Python 3.6 and later versions should work.

A dialog is displayed allowing one to choose the Python (.py) file containing the functions, Fig
14.6.1. After selecting the file and clicking Accept, FRANC3D reads the .py file and displays a
list of the “known” functions that were read, Fig 14.6.2.

Open File

<@ & |C1Abagus_base |

Directories

Files in C:\bruce\ansys\Abaqus_base

=
=[] Autodesk
=1 bruce
=20 ansys
=] Abagus_applied_disp

B0 Abaqus_cload_dload
] Abaqus_user_defined
B ansys_with_temp_mat
=[] BMCB35
[ gear
B merge_cracks
] test_cube_wb
=[] Toyota
E ] two_mats
1 hgaz
1 hgta
1 Reprise
@ 1 cyawing4
[ ] GARMIN
& (] NVIDIA
(1 PerfLoas

[}

[ AExtTest py

[ user_python.py
D Vec3D.py

D writeDipFile.py

File name |

File type: IPylhnn Files (*.py,*PY) j

Cancel
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Figure 14.6.1 User extensions open file dialog.

Python File Options

User Python File:

IC:1.brucelansysv\baqus_basexuser_python.py

¥ Use the initialization (on_initialize) function

¥ Use the new point (on_new_point) function

¥ Use the kink angle {on_kink_angle) function

[~ Use the cycles arowth rate (on_cycles_growih_rate) funclion

[T Uze the time c

vit rate (on_time_growth,_rate) function

[ Use fhe start step (on_start_step) function

[T Use the end step (on_end._step) function

Cancel | Accept |

Figure 14.6.2 User Python extension functions.

See the Command & Python reference for a more complete description of the Python extension.

14.7 Edit Retained Nodes

The Edit Retained Nodes menu item allows one to revise the retained nodes and facets if these
are interfering with crack growth. A crack cannot be inserted/extended into a retained surface.
Use of this dialog, Fig 14.7.1, is described in Section 5.6 of the User’s Guide.
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Edit retained nodes

= 8Cs Display
=l Displacements ¥ Markers
Bl Node sets W Vectors
~E_PickedSet11 ¥ Polygons
. Select all ¥ Text
" Unselect all
5 Other (reset)
£ Node ssts view_1
= [ all_template_nodes (erack)
= [ all_main_side_nodes
- Hall_mate_side_nodes Save | Read
*-Oall_front_nodes oo @l@
- EPART-1-1__PICKEDSET2 TEES
+Ofront_nodes_0
- [Efront_temp_nodes_0 View options
M all_crack_node_pairs Recenter
. EAUTO _CUT SURF
Casture image
Cfieo] ]
Display options
™ Transparent
¥ Global/Local cut surfaces Q{
V¥ Mesh overlay
Edges:  bold  subtle
Cancel | Shift+Click to select surfaces Accept

Figure 14.7.1 Edit Retained Nodes dialog.

14.8 Contour Integral Data

The Contour Integral Data menu item allows one to import and plot the analysis contour integral
(CI) data. ABAQUS and ANSYS contour integral data is supported. The ABAQUS .dat file or
the ANSYS .out file can be selected; these files contain the CI data in the following format for

ABAQUS:

J-INTEGRAL ESTIMATES

CRACK CRACKFRONT CONTOURS
NUMBER NODE SET

1 2 3 4 5
6

1 -10- 1.4192E-02  1.5211E-02  1.5659E-02  1.6162E-02  1.6702E-02
1.7303E-02

1 -11- 1.5466E-02  1.6031E-02  1.6078E-02  1.6093E-02  1.6102E-02
1.6115E-02

and for ANSYS:

280



*x%%% POST1 JFINTEGRAL RESULT LISTING **#**

CracklID= 1

Crack Front Node = 5656

Contour Values = 0.15010E-01 0.15471E-01 0.15495E-01 0.15504E-01
Contour Values = 0.15512E-01 0.15521E-01

Crack Front Node = 28626

Contour Values = 0.15631E-01 0.16093E-01 0.16144E-01 0.16167E-01
Contour Values = 0.16181E-01 0.16195E-01

The CI data is displayed in a dialog, Fig 14.8.1. The data can be displayed either Along the
Front or By Ring. The number of contour rings is based on the crack front template mesh. The
template elements should be collapsed bricks, and more than three rings of elements are usually
required to get convergence.

B Contour integral data

File Data Axes

Display  Along Front € By Ring Ring |all ®| Front Position [0.500 |
¥ Markers .
¥ Vectors L ITablel

I Polygons Total J-Integral
7 Text
™ Mesh
r Template

(reset)
(crack)

Save | Read
el Y[ Y
[l L aflss

View options 100

Recenter

X Capture image 73 L L L L
P 04 06 08 10
] el - :

normalized distance along front

J-integral

Figure 14.8.1 Contour Integral Data dialog.
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Appendix A: XY Plot Label Syntax

// Layout a label like an equation

/!

// Ttems:

/I |Seq(<item1>,<item2>, ... ,<itemn>) - sequence of items

/I |Sub(<base>,<subscript>) - item with a subscript

/I |Sup(<base>,<superscript>) - item with a superscript

/I |Ss(<base>,<superscript>,<subscript>) - item with a both sub and superscript
/I |Sqrt(<item>) - square root

/!

/I Symbols and Operators:

/' $Eq  -equals

/" $Gt - greater than

/" $Lt - less than

/" $Ge - equal or greater than

/' $Le - equal or less then

/| $Plus - plus sign

// $Minus - minus sign

// $Mult - multiplication sign (cross)
/" $Div - division sign (bar and two dots)
/" $Del - partial derivative

/I $About - two wavy lines

/| $alpha - lower case alpha

/I $Alpha - upper case Alpha

/| $beta - lower case beta

/| $Beta - upper case beta

/| $delta - lower case delta

// $Delta - upper case delta

/I $(  -left paren

/" $)  -right paren

//

// Render a math equation using a subset of the Latex equation grammar
//

// Native symbols

I +-=t0O0<>]":
//

// ' Escaped symbols

// \Alpha \alpha

/" \Beta \beta

// \Delta \delta

/" \Eta \eta

// \Gamma \gamma
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// \Sigma \sigma
/I \Theta \theta

/I \geq

/I \leq

/' \times
/- \div

/" \partial
/- \sim

/!

// Ttems:

// \sum{}
/I \sqrt{}

/I \frac{}{}
// \lines{{}{}}

/!

// Other:

/[ " " denotes subscript

/- "~" denotes superscript

/!

/I Approximate Grammar:

/!

// <equation> := <sequence>

/!

// <sequence> := <seq_item> | <sequence> <seq_item>
/!

// <seq_item> := <atom> | <group> | <sub_item>

/! <sup_item> | <both_item> | <sum_item>
/l <sqrt_item> | <frac_item> | <lines_item>
/!

// <atom> ::= <character> | <symbol> | <digit>
/!
/] <group> ::= {<sequence>}

//

/I <modifier> ::= <atom> | <group>

//

/l <sub_part> ::= <modifier>

// <sup_part> ::="<modifier>

// <both part>::= <modifier>"<modifier>
/1

// <sub_item> ::=<eqn_item><sub part>
// <sup_item> ::=<eqn_item><sup_ part>
// <both_item> ::= <eqn_item><both part>
/!

// <sum_item> ::=\sum <eqn_item> |

/l \sum<sub_part> <eqn_item> |
/! \sum<sup_part> <eqn_item> |
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/! \sum<both part><eqn item>

/!

/] <sqrt_item> ::= \sqrt<eqn_item>

/!

/] <frac_item> ::= \frac<group><group>
/!

// <lines_item> ::=\lines {<group> <group> ... }
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