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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:

Rotate (left mouse button, no
keyboard keys)

Pan (center mouse button or
wheel, no keyboard keys)

Zoom/Spin (right mouse button,
no keyboard keys)

Front Clip (center mouse button or
wheel plus shift key)

Back Clip (right mouse button or
wheel plus shift key)

These defaults can be modified in the
Preferences.
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3D View Manipulation

Graphical Element Toggles

Named Camera Positions

Preset Camera Positions

View Options

Display

vV Markers
v vectors
Vv Polygons
v Text

[ Mesh

™ Fronts

(reset) (d)

Save | Read |

(B Rake]
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View options: displays a
dialog that allows one to
change the rotation, pan
and zoom speeds.

Recenter: allows one to
change the center of
rotation.

View options

Capture: Displays the
Save File As dialog. The

Recenter

Capture image

] B
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current view of the model
Is captured and saved to a
file. Either a .png or .jpg
file can be saved.




NMenus

File Edit Cracks Lo File | Edit Cracks Loads

Cracks Loads Analysis

Open... Ci-0
Set Work Directory...

Flayback...

Cluit

| Analysis  Fatigue  Fretting
Static Crack Analysis...

Crack Growth Analysis. .

nit Conversiaon...

Preferences...

Fatigue Fretting

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

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

Fead Crack Growth...
GrowiMerge Cracks. ..

Edit Crack Geometry...

SIF's Along a Path..
SIF's For All Fronts...

Fatigue Life Predictions...
View/Edit Growth Parameters...
Crack Front Fatigue Values...

Display Advanc
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|Lnads Analysis  Fatigue Display
' Crack Face PressurefTraction... I-

Display Advanced
! View Response. .
Create Animation...




NMenus

Advanced | Help |

Edges Wizard... Reference F1
Display COD Data... Commands/Python
Write Template Data... Tutorial for ANSYS Users
Create Growth History.. Tutorial for ABAQUS Users
Export Crack Data... Tutorial for NASTRAN Users
Read User Extensions... Tutorials #2-14
Initial Stress File... Benchmark Examples
Initial Strain File... User's Guide
Plot CFT Stress File... FRANC3D Website
Edit Retained Nodes... License Status
About...
| Fretting Display Advanced e
Read model and results... " Resolved Stress Intensities... | Electrical Advanced
Import nucleation data... Resolved SIF's Along a Path... y Electrostatic Energy Release Rates... I-
Fretting crack nucleation... View Crystal Orientations. .
Fegion color...
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Preferences

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 |MaSTRAN| Meshing | Aditesh | Units |

Fallback Directory: |C:*.hruce Browse

Help File Directory: |C:*.Users\bruceﬁ.Desktnp\.franCEd_vBD_dncs

Browse

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

[ Double size graphics for high resolution screens

Available FE input: W AMSYS W ABADUS v MASTRAM
Default FE input: " ANSYS ™ ABAQUS ¢ MASTRAN
FE Input Checks: [ Turn on DoCheck option for FE import

FRAMC3AD/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 [General 2] Window | 3D View | ANSYS | ABAQUS | NASTRAN| Meshing | AdMesh |  Units

™ On exit send timing information to the terminal
™ On exit send timing information to a file

I¥ Turn on fretting menu and options

™ Tumn on single crystal menu and options

™ Tumn on electrical menu and options

™ Generate Python rerun scripts

¥ Turn an symmetry crack option

™ Use old volume meshing algarithm

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

« ANSYS Tab

Preferences

General 1] General 2| Window | 3D view | ANSVS | apaqus | NASTRAN| Weshing | Adwiesh |  Units

AMSYS Executable: Ias*.ﬂxN SYS Incw212\ansys\binwinGAANSYS212 exe . Browse |

AMSYS License: Iang}rg vI

Job Mame: @ none ¢ cdbname  specify jnbname:l

Total memory: I g Database memaory: I o (0 lets AMNSYS choose)

Mumber of processors: I 2 [TUse mpic & platiorm mpi C intel mpi

™ Add to command: |

™ Include full path in file names

¥ Delete unnecessary analysis files

Output results:  last substep © every substep

Output results: © full model % submodel © template

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

CeS

. ABAQUS Tab

Preferences

General 1| General 2| window | 3D view | AnsYS

ABAQUS Executable: Iabaqus_bat

Mumber of processors: |—1

[ Include full path in file names

¥ Delete unnecessary analysis files

[T Ask: 'Old jobfiles exist. Overwrite? (yin)
Output results: & lastframe ¢ everyframe

Output results: ¢ full model % submodel © template

Browse |

| nasTRAN| Meshing | Adwilesh | Units

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

Accept

Cancel
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Preferences

NASTRAN Tab

Preferences

General 1 General2| Windnwl 3D View

ANSYS

aBAQUS NASTRARN| meshing | Adwlesh |  Units

™ Include full path in file names

¥ Delete unnecessary analysis files

Crack front elements; @ quarter point © midside nodes

MASTRAM Executable: hgram Files\Siemens\Simcenterfastran_2020.1\bin\nastran.exe Elrnwsel

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

Accept

Cancel
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Preferences

Allows the user to set default units for the FE model and for display

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

Default FEM model units Default units for display
& Sl units @ Slunits
Length: Cmm 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 C K & other
" US customary units " US customary units
& o) & o
= C o & = O
C o & ¢
Units of time: Units of time:
@ sec C min C hour C day ¢ 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 Cancel
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Preferences

* Preferences are stored in a database that is read when
FRANC3D Is started.

« Some Preference settings might not take effect until the
program Is restarted, so If you change settings, it Is 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

15
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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 is
created using the ANSYS APDL macro generated by FRANC3D

For ABAQUS, FRANC3D reads

— *.dtp file (contains displacements, temperatures, contact pressure) that is
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

16
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FRANC3D Session Log and Playback

A session##.log file is saved for each FRANC3D GUI
session. As GUI commands are executed, each command
IS 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)

17
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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 FRAMNC3D: test STEP_018.fdb

File Edit Cracks Materia playback session file
Open... CH-O
1 sik_surf_eff hd
Set Work Directory... <:i a I J
Close Directories X | | Files in Z\Desktop\shareditmplsik_surf_eff
SaveAs. . 1 Ranny_Welded_plate =l
# ] residual [] debug_surflog
Export.. & L dlink [ filelog
E—— & (1 RolisRoyce [] session01.log
ead Resulis...
o] Ro.stock [] session17.log
(1 sain [] session1g.log ‘ hoose the
CQuit ctl-Q @ (1 sam [] session19.log
# (1 sandia [] session20.log

The log file can also
be played back from a
Command/Terminal:

» franc3d -batch ses.log

] siemens

[ sikorsky_aug_19_2015
] silvia

1 simple_dovetail
1 simple_spin_disk
] sneddon

1 SOURCE

7 swri

] test_suite_v6

1 tied_weld

=0 tmp

] save

1 ansys_cube_surfeffect

D session21.log
D session22.log
[] sessiona1.log
D session32.log
[] sessiona3.log
D session34.log
D session35.log

session log
to playback
and Accept.

File name: I

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

Cancel |

Part 4
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Demo/Hands On (Homework):
Set Preferences,
Work Directory
and Units

Part 5
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FRANC3D Tutorial 1 — before you start

_M Set your Preferences, Accept and

then quit and restart FRANC3D.

Set Units...

Preferences... il
Folders | Window | 3DView | Dispiay | ansvs | ABAQUS | NASTRAN] Meshing | Acviesh
Button Key Modifiers
LMR W shift cntrl alt Reverse Sense
Rotate cFCCcCc O CC
Pan [ CN & S S I
Zoom [l CH o i i r
Spin feec - - |
Select [N S S S N |
GroupSelect & C C O W ¥ T
Front Clip [l I o o 2 i r I
BackClip C C G C © [ [ r Defauts|
—
< Someseningsmightnottakeeﬁeduntiltheprogramisr@ e | Cancel |
T ——

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
franc3d.rc for Linux 20
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FRANC3D Tutorial 1 — before you start

Set your Work Directory and your FE model units.

B FRAMNC3ID Version 8.3.6
File Edit Cracks Lt

Open... Ctl-0 ‘

Close

Import...
Playback. ..

Quit Ctl-Q

F B FRAMCID Version 8.3.6

. File | Edit Cracks Loads £

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

1 Preferences. .. ‘

Model units

Units used in FEM model

& S| units
Length: & mm C m  other
Stress: * MPa ¢ Pa  other

Temperature: & C ¢ K other

" US customary units

----- (" ¥ ot
..... ("' {"'. 6"-.
Ti CF g

Units of time:

& sec C min ¢ hour & day ¢ year O other

Units used for display

& Sl units
Length: Cmm &im ¢ other
Stress: & MPa ¢ Pa  other

Temperature: & C K " other

" US customary units

----- € inch g
Clpsi € ki &
T CF g

Units of time:

& sec © min ¢ hour ¢ day ¢ year " other

Cancel |

Accept |

Part 5
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Demo & Hands On (Homework):
Download Tutorial Doc / Files

FRANC3D Tutorial #1:

Documentation

Crack Insertion and Growth in a Cube

Brochure

Tutorial for ABAQUS Users

Tutorial for ANSYS Users

Tutorial for NASTRAN Users

Tutorial for SIERRA Users

Command Line & Python
Interface

Benchmark Reference

Training Slides

Download Files

http://www.fracanalysis.com/software.html

22
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http://www.fracanalysis.com/software.html

End Part 4
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