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Workshop Agenda

Part 1: Introduction to Fatigue and Damage Tolerance
Part 2: Introduction to Fracture Mechanics Analysis
Part 3: Introduction to FRANC3D

Part 4: FRANC3D User Interface

Part 5: Finite Element (FE) Model Import

Part 6: Crack Insertion

Part 7: Static Crack Analysis & SIF Computation
Part 8: SIFs from FE Analysis

Part 9: Crack Growth

Part 10: SIF History & Fatigue Life

Part 11: Miscellaneous Topics
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FRANC3D User Interface

FRANC3D Main Window
3D View Manipulation
Menus

Preferences

FRANC3D Files
FRANC3D Session Log
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FRANC3D Main Window

The view manipulations are: e
* Rotate (left mouse button, no Menu Bar Eglf
keyboard keys) F
™ Fronts
* Pan (center mouse button or I isnpita
(reset) (d)
wheel, no keyboard keys) Camera
«  Zoom/Spin (right mouse button, POZ’;';’”S sl
—> PRba
no keyboard keys) 3D Model View ?G?@
*  Front Clip (center mouse button or View Window Controls _Rocarter_|
. Capture image
wheel plus shift key) O[]
* Back Clip (right mouse button or
wheel plus shift key)
These defaults can be modified in the ,
Preferences. L Status B
/ atus bar
|Ready _ V-4 7
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3D View Manipulation

View options: displays a
oo dialog that allows one to
™ Vectors change the rotation, pan
Graphical Element Toggles :;_Fr':)'(‘t’i‘“”s and zoom speeds.
™ Mesh
I Fronts
[ Template Recenter: allows one to
(reset) (d)
Named Camera Positions change the center of
rotation.
Save | Fead
Preset Camera Positions EE%E Capture: Displays the
View options | SaVe Flle AS dlalog The
View Options  —=m | current view of the model
ml " | 1s captured and saved to
EaLY either a .png or .jpg file.
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Camera Position

B | FRAMNC3D: testing_STEP_001.fdb/testing_STEP_001_full.dtp

File Edit Cracks Loads

Analysis Fatigue Fretting Display SingleCrystal Advanced

O X
Help

-

Default view control:

Left mouse button — rotate

Center mouse button — pan

Right mouse button — zoom and spin

Center mouse button + SHIFT key —
front clipping plane

Right mouse button + SHIFT key —
back clipping plane

FRAMC3D
Version 9.2.1

Display

¥ Markers
¥ Vectors
¥ Polygons
¥ Text

™ Mesh

I Fronts

[_Template |

View options |
__Recenter_|

Recenter

Capture image

O ||

Ready.
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View Options

B FRANC3D: testing_STEP_Oi

01.fdb/testing_STEP_001_full.dtp
File Edit Cracks Loads Analysis Fatigue Fretting Display SingleCrystal Advanced

= o *
Help
FRANC3D

O
]
P43

‘\""

e

L

et

S T T

pu-

AT A

P s

LA T T

p oA

SIS

AT T

A

Version 9.2.1
Display

¥ Markers
¥ Vectors
¥ Palygons
 Text

™ Mesh

I” Fronts

I” Template

/

Allows user to cut away a portio/
of the model based on cutting

planes aligned with the global
Cartesian axes. Part 4

N

B’ Set Speed Manager X

Options
¥ Show Axes [ Different Front/Back Colors

Set Speed

Rotation ~ 1x ———_F—— 2x -¥|
Translation 1x ———_+—— 2x -+
Zoom Ax ———_F—— 2x -+
Spin Ax ———_F—— 2x -+

Cutting Planes
01 {11 Position

[ X-plane & f"l 0
™ Y-plane FI 0
/ [ Z-plane & f"l 0

Dismiss |
Control the speed of
rotation, translation and

zooming when “moving”
the model with the mouse.



Recenter: ctrl key + left mouse button

® ' Set Rotation Center g

{* Interactive

" By Mode: NndeID:I 0

" By Coordinates:
i y %

460976 | 441192 | 511879

Undo | Dismiss |

Setcenter View

Default center
of rotation 1s
the center of
the model.

Interactive

Cancel Accept
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Clipping Planes

(LA -

[~ Mesh

| (reset) (d)

Clipping planes allow one to cut away the

front and/or back of the model to see inside.

Display I
™ Warkers

¥ Vectors

¥ Polygons

I Text ‘

cancel | Accept |

Part 4

9



Measure & Box Zoom

1 SAL

-
[~ Mesh

| (reset) (d)

1 EaL

-
[~ Mesh

| (reset) (d)

First Point. (2.02063, 9.97899, 10.0367)
Second Point (2 38057, 674581, 10)
Direction: (0.110638, -0.993797, -0.0112831)

Measurement tool gives
the length on the surface
or the coordinates for a
single point (if you don’t
drag the mouse).

Box zoom tool allows one to drag a box to
zoom 1n on a region of the model.
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Menus

File Edit Cracks Lo  File |Edit Cracks Loads Cracks Loads Analysis Loads Analysis Fatigue Fretting
Open... Ct-0 nit Conversion... Mew Flaw Wizard... Crack Face PressurefTraction. ..
Set Work Directory... Preferences... Flaw From Files... View Boundary Conditions...
Close Multiple Flaw Insert... Plot CFT Stress File__.
Savels. Compute SIF's...

Import... Grow Crack...
Expart Read Crack Growth..
GrowiMerge Cracks...
Head BEesults...
Edit Crack Geometry...
Flayback...
: SIFs Along a Path...
— = SIF's For All Fronts...
Js For All Rings...
| Analysis Fatigue  Fretting Fatigue Fretting Display Advanced Display Advanced
Static Crack Analysis... Fatigue Life Predictions... ! View Response...
Crack Growth Analysis View/Edit Growth Parameters. ..

Create Animation...

Crack Front Fatigue Values..
Growth Rate File...
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Menus

Fretting Display Advanced Advanced

Read model and results...
Import nucleation data...
Fretting crack nucleation...
Fegion color...

Edges Wizard._.
Display COD Data. ..

Help

Reference F1
Commands/Python

Write Template Data... -
ViewWrite Growth History. ..
Merge Growth History Files. ..
Read User Extensions... |
Edit Retained Modes... |

ra

Tutorial for ANSYS LUsers
Tutorial for ABAQUS Users
Tutorial for NASTRAN Users
Tutarials #2-15

Contour Integral Data. ..

SingleCrystal Electrical Advanced
Resolved Slip System Ks.__.
Resolved Slip System Ks Along a Path
Resolved Max Shear Direction Ks._.
Resolved Wax Shear Direction Ks Along a Path
View Crystal Orientations...

Benchmark Examples

Users Guide

FRAMC3D Website

License Status
About. ..

Electrical Advanced

Electrostatic Energy Release Rates...
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Preferences Tabs

Selecting the Edit —Preferences menu item invokes the Preferences
dialog, which allows one to set program-wide configurations.

General 1| General 2| Window | 3D view | ansys | aBaqus |nasTRAN| Meshing | Adviesn | units |

Fallback Directory: |C:*.hruce Browse

Browse

Help File Directory: |C:*.Users\bruce\.Desktop*.franu:Bd_uBEl_dm:s

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

[ Double size graphics for high resolution screens

Available FE input: ¥ AMSYS W ABAOUS [v MASTRAN
Default FE input: " ANSYS & ABAQUS ¢ MASTRAN
FE Input Checks: [ Turn on DoCheck option for FE import

FRAMC3D/RLM License: | Release license during FE analysis

MASGRO user defined XML material library

Library File: Browse

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

* (General 2 Tab

Preferences

General 1 GEHEFElZI 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 a file
¥ Turn on fretting menu and options

[ Turn on single crystal menu and options

[~ Turn on electrical menu and options

[T Generate Python rerun scripts

¥ Turn on symmetry crack option

[T Save .crikfile at each growth step

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

Window Tab

Preferences

General 1| General 2

GUI Font

Border Color _

Base Color I:I
Background Color ’—‘ Defaultsl
Forground Color _

Selection Foreground I:I

Selection Background _

GUI Equation Display:

equation size scaling factor: m %o

[T gamma correct equations

Startup Window Size:

width: | 1050 height:l 800 Currentl Defaultsl

™ use OpenGL version 1.1

| 3D View | ANSYS | ABAQUS | NASTRAN| Meshing | AdMesh

Units

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

Part 4
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Preferences Tabs

3D View Tab

Preferences

General 1| General 2| Window

Buttan Key Modifiers
L MR W shift cnirl alt Reverse Sense

Rotate « CCCc - -
Pan C & CC
Zoom (SIS O S I I r
Spin [ S e I e
Select o« CCCc W O
Group Select & C O O W W [
Front Clip [ N e S R e r
Back Clip LA G S I r

View Projection: ¢ Perspective @ Orthotropic Defaunsl

30 view colors
Background Color
Vector Color

Text Color
Paolygon Color
Marker Color

1st Highlight

2nd Highlight

3rd Highlight

Line width:

L

| ansvs | aBaqus |naSTRAN| Meshing | Aditesh | Units |

Defaults |

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

Accept

Cancel

Part 4
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Preferences Tabs

 ANSYS Tab

Preferences

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

ANSYS executable: Ias‘.-'\NSYS Incv242\ansys\binwinkGHANSYS242 exe Elruwsel

AMNSYS license: Iansys vI

Jobname: @ none ¢ cdbname ¢ specify jobname:l

Total memaoary: I g Database memaory: I o (0lets AMSYS choose)

Numberofprncessnrs:l 1 ["Use-dis: € no-mpi € -mpipcmpi © -mpiintelmpi @ -mpi openmpi

[~ Addto command: I
™ Include full path in file names

¥ Delete unnecessary analysis files
Outputresults: ¢ lastsubstep ¢ every substep

Outputresults: ¢ full model  submodel ¢ template

Some settings might not take effect until the program is restaried. Accept Cancel
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Preferences Tabs

. ABAQUS Tab

Preferences

General 1| General 2| Window | 3D view | AnsYs

ABAQUS executable: Iabaqus_bat

Mumber of processors: |—1

I Include full path in file names

¥ Delete unnecessary analysis files

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

Outputresults: & lastframe © everyframe
Outputresults: ¢ full model & submodel © template

ABAQLIS release: ¢ Version 2023 (or older) * Version 2024 (or newer)

Elrowsel

|naSTRAN] Meshing | Adwtesn | units |

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

Accept

Cancel

Part 4
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Preferences Tabs

« NASTRAN Tab

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

MNASTRAN executable: Inastran,exe EerWSE| |
¥ Turn off GeomCheck

[ 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
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Preferences Tabs

* Meshing Tab

Preferences

General 1| General 2| Window | 3Dview | ansys | aBaous | NasTRAN i | AdMesh | Units |

Mumber of element rings in template: I 2 Mumber of circumferential elements: I o
Progression ratio: I 1 Maximum aspect ratio: I 3
Maximum volume elements: I 1000000 Maximum backtrack restars: I 4

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. Accept Cancel
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Preferences Tabs

AdvMesh Tab

Preferences

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

Surface Max Internal Element Ratio:

Surface Density Decay Ratio:

Surface Curvature Refinement Factor:

Surface Curvature Refinement Limit:

Surface Crack Front Decay Ratio:

nits

20 Ratio of the maximum element size allowed in the interior of
a surface mesh to the maximum element size on the boundary.

1.4 Mominally the maximum size ratio between two adjacent
elements in a surface mesh.

0.623 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.

025 The maximum ratio between the nominal local element size
and a reduced size set due to local suface curvature.

Ll

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 |

Part 4
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Preferences Tabs

Units Tab: set default units for the FE model and for display

General1]Genera]2 Window | 3D View | ANSYS | ABAQUS |NASTRAN| Meshing | AdvMesh  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 C K % other Temperature: C C K & other
" US customary units " US customary units
& « & «
(& 3 o « = «
£ o > @
Units of time: Units of time:
 sec C min C hour C day C year C 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. Accept il
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Preferences

* Preferences are stored in a database that i1s read when
FRANC3D 1s started.

« Some Preference settings might not take effect until the
program 1s restarted, so 1f you change settings, it 1s best
to quit and restart.
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FRANC3D Files

.fdb — FRANC3D restart file
stores crack geometry, growth model, SIF history,
reference to other files described below

.cdb/.inp/.bdf — original uncracked FE model and cracked FE model files
.dtp — results file with displacements, temperatures, contact pressures

.crk — crack geometry

Jlog — GUI session log file contains FRANC3D commands

fcg — fatigue crack growth data (SIF history and crack growth model)

_ STEP_###.* — automatically named and numbered crack growth step files
FE analysis code files: i.e. .db & .rst for ANSYS, .odb for ABAQUS
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Analysis Results

File — Read Results menu item allows one to choose the analysis results file.

For ANSYS, FRANC3D reads

— *.dtp file (contains displacements, temperatures, contact pressure) that 1s
created using the ANSYS APDL macro generated by FRANC3D

For ABAQUS, FRANC3D reads

— *.dtp file (contains displacements, temperatures, contact pressure) that 1s
created using the FRANC3D generated ABAQUS Python script

For NASTRAN, FRANC3D reads

— *.pch file, which contains displacements; temperatures are based on the
input temperature for the uncracked model
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FRANC3D Session Log and Playback

A session##.log file 1s saved for each FRANC3D GUI
session. As GUI commands are executed, each command
1s written to the session log. An example session:

OpenMeshModel(
model_type=ANSYS,
file_name="cube_orig.cdb’,
retained_nodes_file="cube_orig_ RETAINED.txt")

InsertFileFlaw(
file_name="test.crk’,
radius=0.0081)

RunAnalysis(
model_type=ANSYS,
file_name="test.fdb’,
flags=[TRANSFER_BC,NO_CFACE_TRACT,NO_CFACE_CNTCT],
connection_type=MERGE,
command=""ANSYS222.exe" -b -p ansys -i "test. macro" -o "test.out”)

ComputeSif(

do_therm_terms=true,
ref_temp=71.6)
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FRANC3D Session Log and Playback

The session can be played back in the GUI:
from FRANC3D menu, choose File — Playback

B FRANC3D: test STEP_018.fdk

File Edit Cracks Materia playback session file
Open... CH-O
1 sik_surf_eff -
Set Waork Directory.... Ci » I J
Close Directories X | | Files in Z\Desktop\shareditmp\sik_surf_eff
SaveAs... T Ranny_Welded_plafe B =
Import... S rgsidual D debug_surflog
Export... rlink D file.log
o — & RollsRoyce [ sessionni.log
ead Results...
g Rostock [ session17.10g
sain [ sessioni1s.10g ‘ h th
Quit ct-a ® (0 sam D session19.log OOSC e
& 1 sandia [ session20.10g

D N . .
O | (M session log

[ session2210g
= [ silvia [ session31.1og

# (] simple_dovetail [1] session32.l0g tO plaYbaCk

& (1 simple_spin_disk [ session33.10g
# 1 sneddon [] session34.10g

The log file can also Q2 SouRce ) sessionssie and Accept.
be played back from a Dreme J

. =0 tmp
Command/Terminal: 50 e s
ke sik_surf_eff =

File name: | File type: |Sessi0n Files (*log,* LOG) j

Cancel |

» franc3d -batch ses.log
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Demo/Hands On (Homework):
Set Preferences,
Work Directory
and Units

Part 4
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FRANCS3D Tutorial 1 — before you start

File | Edit Cracks Loads Set your Preferences, Accept and
S EONVEIEIon.. | then quit and restart FRANC3D.

Preferences...

Preferences

General 1] General 2| window | 3DView | ansys | asaous |nasTRAN| Meshing | Adwtesh | Units |

3D view colors

Button Key Modifiers
L MR W shift citrl alt Reverse Sense Background Color:I
- cece o vecorcolor |||
tencoor [ EEEEEL
Pan [ U S S I I
PolygonColor [ |
Zoom (ol ol I o i r
Marker Color _
Spin DO R R I N r
1strightiont ||| |
Select « CCC W O o
ondHighlight [ ]
LCHI A S
Group Select T2 R adHighignt [ |
Front Clip cEcc W OO Line width: 1 Defaults
Back Clip [l Sl O o I I [

View Projection: { Perspective * Orthotropic Defaults

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

It is usually best to quit and restart the program after changing settings.
Settings are saved to text file in user’s home folder:

franc3d.ini for MS Windows

Jranc3d.rc for Linux Part 4 29




FRANCS3D Tutorial 1 — before you start

Set your Work Directory and your FE model units.

B FRAMNCID Version 8.3.6
File Edit Cracks Lt

Open... Ctl-0 ‘

Close

Import
Playback. ..

Quit Ctl-Q

B FRAMNCID Version 8.3.6

File | Edit Cracks Loads

Use separate folders for each new model.
Lots of files are generated during analysis and growth.

Preferences.. ‘

Medel units

Units used in FEM model

& Sl units
Length: & mm C m  other
Stress: & MPa ¢ Pa  other

Temperature: & C K " other

¢ US customary units

Ciin g
----- Cipsi € ki &
T e CIF g

Units of time:

& gsec © min © hour ¢ day ¢ year  other

Units used for display

& Sl units
Length: Cmm @ im C ather
Stress: & MPa © Pa ¢ other

Temperature: & C K other

" US customary units

2ngth ) h o
'''' ]  ksi &
Ti CF =

Units of time:

& sec © min ¢ hour  day ¢ year ¢ other

Cancel |

Accept |

Part 4
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Demo & Hands On (Homework):
Download Tutorial Doc / Files

FRANC3D Tutorial #1:

Documentation: Crack Insertion and Growth in a Cube

o FRANC3D/ABAQUS
Tutorial e e T e e T

o FRANC3D/ANSYS
Tutorial

o FRANC3D/NASTRAN
Tutorial

o FRANC3D/SIERRA
Tutorial
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