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1. Introduction

This document is a supplemen the Reference and Tutorial documeritsdescribes underlying
features of the softwaand isintendel to help moreexperienced users

2. FRANC3D Startup Initialization

When FRANC3D is started, it reads a file to initiahizeernal data and preferences. The file can
be edited with any text editor.

For Linux, the file is:franc3d.rc
Itisint he us er @r.e. ihometusehamk/danc3d.)c

ForMS Windows the file is franc3d.ini
Itisint he us er 06 sie.JCaUsarsuserodmdfranc3d.(ni).

The content of the file consists of blocks of data associatedspattific settings. For example,
the ANSYS analysis settings are identified by the taffad_ansys]
ANSYS specific settings followhe label

The settings should match what is in FERANC3D Preferences dialogrig 1.1;see Section 5.4
of the Referece document for a description of this dialog

Preferences

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

Fallback Directory: |C:Ebruce Erowsel
Help File Directory: | Erowsel

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

[ Double size graphics for high resolution screens

Available FE input: ¥ ANSYS ¥ ABAQUS ¥ MNASTRAN
Default FE input: " ANSYS {* ABAQUS {© MNASTRAN
FE Input Checks: I™ Turn on DoCheck option for FE import

FRAMC3D/RLM License: W 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 |

Figure 1.1Preferences diag with General tab displayed.



For example, th&1S Windowsversion of the file might contain the following information:

[prog_defs]
help_dir="R\currend\\FRANC3D_Dots
def_dir="FR\tmp"

fe_input=ABAQUS
suppress_dir_box=false

[avail_codes]
codes=ANSYS|ABAQUS|NASTRAN

The dApragdd@é g acorfespadaakettmgsunderthe Generaltalsin Fig 1.1.

[SETTINGS]
iconview=12582912
doublesize=false
selforecolor=#ffffff
forecolor=#000000
userheader=50
nameheader=200
width=810
directory="R\current\F3D_v7_modelsextra\Lug"
dateheader=150
sorting=0
normalfont=helvetica,90,bold
typeheader=100
backcolor=#ffffff
hilitecolor=#ffffff
itemspace=104
shadowcolor=#8b8984
bordercolor=#000000
basecolor=#d4d0c8
sizeheader=60
height=500
attrheader=60
dirwidth=300
selbackcolor=#0a246a

[f3d_linewidth]
linewidth=1

[f3d_3d_color]
Background Color=#ffffff
3rd Highlight=#cccc00
Text Color=#000000



Polygon Color=#b2b2b2
Vector Color=#000000
2nd Highlight=#00cccc
1stHighlight=#cc0000
Marker Color=#000000

[f3d_3d_view_func]
Recenter=29
Zoom=4
Zoom/Spin=3
Group Select=49
Select=17
Rotate=1

Back Clip=20
Spin=4

Front Clip=18
Pan=2

[File Dialog]
style=12582912
width=500
height=300
showhidden=0

[f3d_startup_size]
width=1155
height=864

def width=900
def_height=675

Thefi s e totand mtgewptions aboveorrespond teettings inthe Window, 3DView and
Display tabsin Fig 1.1.

[Visited Directories]
0="FY\curren\\F3D_v7_modelsextra\Lug"
1="F\\currenb\F3D_v7_models"
2="F\\current"

3="G\\"

visiting=0

[f3d_ansys]

executable€\\Program FilaSANSYS Ikw222A\ansy$S\bin\\win6A\ANSYZ22.exe
db_mem=0

num_procs=1

license=ansys



solver=0

output_nset=1

total_mem=0

include_path=0

delete file_list=bcs,emat,esav
delete_files=1

[f3d_nastran]

executable=C\\Program Fila§Siemen¥ SimcenterNastran_220bin\\Nastran.exe"
pyramids2

front_elems=0

include_path=0

delete_file_list=master,dball

delete files=1

[f3d_abaqus]
executable="GtSIMULIACommand8abg2®2.bat"
ask_delete=0

num_procs=2

output_nset=1

output_frequency=0

include_path=0

delete_file_listsid,com,stt

delete_files=1

TheAf 3d oanB88d_nastranod and 0 ftdsettings lnthegespeaiveb | o ¢ k ¢
analysis code tabs Fig 1.1

[f3d_meshing]

coarsen_crack _mouth=1
write_files_only=0
max_backtrack restarts=4
local_surface_refinement=0
max_volume_elements=500000
volume_nesher=franc3d

[f3d_advanced meshing]
surface_refinement_factor=1.2
volume_octree_refine_factor=2.6
volume_optimal_sphere_factor=0.75
volume_optimal_size_factor=1.375
surface_boundary_factor=0.3
uniform_refine=0



Thei f 3d_mieasnhdi Mg 3d_advanced_me®settinggidherespextv&k s c o r
meshing tabs im Fig 1.1

Most datablocks lisedabove correspond witlabs in the Preferences dialogor some data
blocks, such aff3d_3d_view_func]it is easierto chang the settings using the FRANC3D GUI.

For some settings, it might be necessary to change the settings by edififey thor example,
if FRANC3D does not | ist the wuserdés ANSYS I|ic
file.

Settings fom older versions of FRANC3D will be ignored if they are no longer used.



3. FRANCS3D Files and Archiving Simulations

Manyfiles can be generated during a crack growth simulatiar.each step of crack growth,

FRANC3D will save a restart file along Withe analysiéinite elemen{FE) files. FRANC3D

automatically name@vith number$ thecrack growth step fileasingthe usersupplied base

name plus: STEP_### The number i ng tfgrpheioitmlclack framtt ar t s wi

The analysis codecreatemanyfiles that do not need to be retainedhere is a setting

(del ete_files=1) in the Af3d_ansys/ abaqus/ nas
FRANC3D to deletdmost o) the umeededandysis files. FRANC3D will not delete all the

analysis files; for instance, for ANSYS tliband rst file are not deletedss these can be read

into ANSYS todisplaythe crack model and correspondiegults.

The various file types are described in 88tB.1 Section 3.2 gives options for archiving the
simulation while reducing disk storage requirements.

3.1 File Extensions
A list of thesimulationfile extensions is given here:

1. .fdb7 FRANCS3D restart file
a) stores crack geometry, growth modstess intensity factoS5(F) history,
b) reference other files described belgwvhich are read upon restart also

2. .cdb.inp/.nas i original uncracked FE model and cracked FE model files
a) cdb is for NSYS
b) inp isfor ABAQUS
c) nas (or bdbr da) is for NASTRAN

3. .dtp/.pchi results file with displacements, temperatures, contact pressures
a) ANSYS and ABAQUS results are indipfile
b) NASTRAN results are in @chfile

4. .crki crack(flaw) geometry
5. .log (.f3d) 7T GUI session log file contains FRANC3D commands
6. .sifi SIF data
a) for a single crack growth step, a single crack front, and a single load step

b) for SIF along a path
c) for SIFs for all crack growth steps for a crack front and load step

~

fcgi fatigue crack growth data (SIF history and crack growth model)

8. .cgpi crack growth parameters, including crack growth rate data and load schedule

1C



9. .db& .rstare the ANSYSE analysis files that are not deleted by FRANC3D; these
files can be read into ANSYS taew results

10..odbis theABAQUS FE analysis file that is not deleted by FRANC3D,; this file can be
read into ABAQUS CAE to view results
a) the ABAQUS datfile contains ABAQUS contour integral results and is not deleted

11..0p2.fnoare NASTRAN FE results files that can be used to view results
12..pyT Python script

13..txtT severalASCII text files are created and some of these are important when
archiving a simulation. For instance, RETAINEDtext files created when importing a
FE model should be saved.

3.2 Archiving Files

Users might save all their simulation fileldowever, even if the files are compressed, this easily
can lead to TB's worth of data. The notes below provide ideasdocing the amount of data
that is archived.

You can retain the FRANC3D session log file along with the original uncracked FE input (.
.cdb or nag file. If you havemultiple session log files for a simulation, you can combine these
into a singlesession.log {3dis an alternate extension that can be used instead of the gktgric .
extension.

If you are doing a local+global subdivision inside FRANC3D, you will have a
_RETAINED_ELEMS.txtAlso, youmighthave a RETAINED.txfile for the meshfacets/nodes
that are retained. You should keep these twdiles along with the LOCAL and GLOBALnp
(or cdbor nag files.

You can save the initial crack ascak.file. Even though the initial crack might be described in
the session log, say this file is recommended especially if yourdi save the initial crack
restartfdbfile (discussed below)Note that i you save the initial crack restart file, you can
extract thenitial crack geometry information from thielb file (see Section.20 of the base
Tutorial documers).

With the above files, you can repeat everythistng the FRANC3D playback feature; note that
fatigue cyclentegration(andcorresponding display) cannot be replayed

The initial uncracked FE files and tRRANC3D session log represent the minimum for
archiving, but this will requiree-running all the crack growth steps.
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For bigger more complex moldethat take significarmuntime youcouldalsokeep the initial
and finalcrackstepfiles. This includeshe fdb, .inp (or cdbor nag, and dtpfiles. Sometimes
it is helpful tokeep a few intermediate steps as well.

The finalcrackstep fdbfile contains all the crack growth history data. With this, you can re
extract the SIF history ory@mpute gcles without having to rerun the entire simulation.

Another alternative is to keep all crack step files except for the FE analysis filE€ Hrealysis
results fileq.rst, .odbor .0p2) are usually the largest. You coutsokeep the initiabnd final
crack steg-E files but compress them

Theanalysis results filesqdbfor ABAQUS or rst/.dbfor ANSYS or op2/.fnofor NASTRAN)

can be moved into a sidbder and save(and compressh until you are finisheavith the

simulation. Those files gually take the most disk spabeitthey are useful for extracting results
such as color contours of displacement or stress for the full model, which might be required for
reports or presentatis.

For example, consider the basic tutorial using ABAQUS files and using the local+global
extraction. The minimum archive consists of:

1) AbaqusCube.inp
2) AbaqusCube_RETAINED_ELEMS.tand
3) session.log

The O0RET A Ifilal gmains the ligt bf elements in the local portion. The first command in
the session log will import and divide the model using this file. The rest of the simulation will
proceed without any additional filegdit thesession.lodile as needed, if you want to change

the initial crackfor example.

12



4. Crack and Model Surface Geonatry

This chaptedescribes how FRANC3D manages the underlying geometry of the model and crack
surfaces.Crack insertion is based on geometric isgetions of the crack surfacgrack front
template ananodel surface

The firstsection describes homodel surface geometry createdrom theimportedFE model.

4.1.Creating Model Geometry

Starting froman uncracke@D FEvolume meshthe exterio surface facets of the vahe mesh
are determined, artie modebkurface geometrig approximated fronthis faceteesurface mesh.

Extracting a local submodel from a full model reduces and simplifies the tmggtometry

process. Fig4d s hows the full model of a simple fAtes
collection of elements that comprise the local model. The local submodel is converted to
FRANC3D geometry while the-irsedosti nofa tshddp afrualtie nfi
model file.

J
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Figure 41 Full 3D model with highlighted local submodel.
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Converting the 3D volume elements to FRANC3D geometry follows these steps:

1) computeheweighted averagsurfacefacet normaht all FE nodes
2) defineone or twatriangular Bezier patches for each FE facet
3) identi fy fandgraup toggthecpatthes thatdognelegical faces

Fig 4.2 shows the local submodel surface triangular patches. Each quadrilateral facet of the
original brick mesh is splinto two patches. If the original mesk comprised of tetrahedral
elements, the surface mesh would consistiahgles,and these wad be usedlirectly. Fig 43
shows the underlying Bezier triangle geometry with 10 control points; planar and curved
sufaces can be represented.

Figure 42 Triangular patches defined from the surface facets of 3D elements.

b, b b,
b, L" bgo_ 2 bs B— b,
P, 0 \b / P,
9
s=0 . 1-r-s=0

Figure 43 Triangular Bezier patctvith control points
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The angle between adjant patches can be used to define the topologaaidaries of

cdlections of patches. Fig4dt s hows t h e fofithecumade fromfrigZ Sextion

4. 4 describes how one imnpore theopdiagitaysurfateeforédme nk 6 a
models.The lower right corner of Fig 4.4 shoas extra edge; it is a display artifact that is

shown because the surface mesh facets, on the two adjacsutfages, have been retained.

Figure 44 Topological faces of the submodel.

I n FRANC3D, the | ocal s ub rRBrdodd aftér srackrimsertgoe d wi t h
and remeshing. The best method for merging @glteedthe nodes and element faces on the cut
surfaces. Consequently, the mesh facets on theucfsice armormaly retained, Fig 4, and

FRANC3D uses these facdts the surface mesh when remeshing.

Figure 45 Topological faces of the submodel with -cuirface mesh facets retained.
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4.2 Crack Insertion

The model shown in Fig 4.5 includes both geometry and topology information. A crack or flaw,
which has its own geometry and topology, is inserted into this model.

Flaw surfacesredefinedusing a collection oBezier patchesCrack front edges can loeirves
(cubic splines) or straight lingand the flaw surfacean beplanar omon-planar Fig 4.6 shows
a pennyshaped crack consisting of a collection of triangular Bgragéches being inserted into
the local submodel; the triangular Bezier patchdsotifithe local modehnd crack surfacare
shown.

Figure 46 Flaw geometry inserted into model geometry.

Surfacesurface intersections are determined so that only the portion of the crack geometry that
falls inside the model is retained ®rbuilding the composite geometry fiameshing.

It is noted here thatacksareextended by rénsertingthefi e x t e cradkgabmety into the
original uncracked model. FigZshows theriginal pennyshaped crack plusvo steps of
crack growth. The newxtendedyeometry is added to tipeevious geometry; theracksurface
is typically non-planar.
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crack extension

Figure 47 Extended flaw geometry.

4.2.1Crack Front Template

A crack normally haa template mesh along the crack front. The templatsed to place well
shaped @ments, @&ombination obrick and quartepointwedge elementsalong thecrack
fronts The template geortrg, Fig 48, is tied to the flaw surface geometry, and alsstmu
intersect the model surface geognitr surfacebreaking cracks.

Theoriginal flaw surface patches are spiito as many pieces as needegroduce wateight
connections between all geometric patches on the flawhanegmplate, Fig 4.8.

Ny
Y

N

Typical template
crosssection

Figure 48 Template geometry tied to the flaw geometry.

Thecombinedflaw and template geometry is added to the model geometry. gtiriice
surface interseinsarecomputed for all model and flaw patchd@atches are trimmedo that
only the geometry inside the model is retaireetjthenthesearecombined into composite
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objects. Therimmed patchearedivided inb triangular sukpatches to keetne mockel

watertight Fig 4.9 shows the trimmed perishaped crack inserted into the model, with patches

divided toproduce avatertight geometryNot e t hat in Fig 4.9, the te
inside of the template is pefined and does not need toibeluded at this stage.

Figure 49 Trimmed flaw geometry added to the model geometry.

The collection otriangularpatches into logical face®r this caner crackmodel,is shown in
Fig 4.10

Figure 410 Topologicalfaces of the flawtemplate and model.
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4.2.2 Crackinsertion into Model Surfaces with Boundary Conditions

In Fig 4.5,the local modelvas displayedvith the cutsurface mesh facets retained. A crack
cannot be inserted (or propagated) into surfadesre the mesh is @hed,so the local model
should be large enough to allow for crack insertion and volume meshing aroundat.
submodel extraction is discussed further in Chapter 5.

If a model surface has boundary conditions attached to it, FRANM@Ds the user teetain
the mesHacetson those surfacesHowever, a crack cannot be inserted into such a surface;
FRANC3D will giveaFLAW_IN_RETAINED ERR erromessage

If a crackis tobe inserted into enodé surface that has boundary conditions, then the surface
mesh must not be retained. In such a case, the boundary condition data is mapped (rather than
directly transferred) to the remeshed surfaérg 4.11 shows the Select Retained BC Surfaces
dialog theblue color indicates that a boundary condition is attached to the surface. If the user
elects to retain this siaice then the surface color is switched to red.

Select Retained BC Surfaces Select Retained BC Surfaces
Selectall Display Selectall Display
v
Unselect all ¥ Warkers Unselect all v Markers
¥ Vectors ¥ Vectors
[¥ Polygons ¥ Palygons
¥ Text [ Text
™ Wesh I~ Mesh
I™ Fronts I Fronts
(reset) (d) (reset) (d)
Save | Read Save | Read
(Bl sl Bl a
@ (@ o il LallsE
Show node sets m Show node sets U ETCRTE
w Recenter » Recenter
3
= Capture image Capture image
Read retainedfile L—‘,\|H|®‘ Read retained file ‘ E‘.g, e @
Shift+Click to select surfaces Cancel | Back | Next Shift+Click to select sufaces Cancel | Back | Next

Figure 4.11 Surfaces with boundary conditioreelected to be retained.

If one tries to insert an edgerack Fig 4.12, an error message is displayed and the crack
insertion is aborted. Note the the upper suface mesh facets are also retained as these are part of
the cutsurface. To getraedgecrack nserted at thifocation,donotreai n t he fAbl ueo
Fig 4.11. The local model will appear as showthmleft panel oFig 4.13; the mesh facets on

the O6fronté surf acesuarrfeacneo tf arceettasi noend tbhuet 6tthoep 6
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FRANC3D Error

i Error:
Cannotinsert a flaw into a retained mesh

b
i
kil

2 = ==

=

e

Figure 4.8 Edge crack inserted and remeshed.

FRANC3D will insert the edgerack in this model and remesh (right panel of Fig 4.13), and
automatically map the boundary condition data fromottiginal mesh to the remeshed sugac
Fig 4.14.

Note that transfer of boundary condition data is simpler and more precise if the surface mesh can
be retained, but FRANC3D will automatically map the boundary condition data to the new mesh
regardless.This model corresponds with Chapter 5 of the Benchmark document, where
symmetry boundary conditions and plasteain constraints are required.
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Figure 4.14 Constraint boundary conditions mapped from the original mesh (left) to the cracked
remeshed moddtight).

4.3 Meshing CrackedGeometry

Once the geometric intersectif the crack, template and model surface€pmplete and the
patchesare organized into logicaurfaces, neshing can be performed. Firstirface meshesre
generated foall logical surfacesusing triangular facets (note that the template outer surface is
already meshed)The surfacanesh mustonform toany retained cusurface mesh, as well as

all unrretaned surface geometry. Figl® shows the surface mesh for thereer crack in the
model(see Fig 4.1Q)minus the template mesinds;Fig 4.16 shows additional views.
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Figure 415 Surface mesh on the flaw and model surfaces.

retained cut
Template mesh surface meshes
extracted as it i

already meshed

Figure 416 Surface mesh for a corner crack.

The surface mesh is the startipgint for the 3D volume meshing. u@drilateral faces will get a
pyramid element added first, which leaves astredhgular surface mesh for the subsequent
tetrahedral meshing. yRamid elementaregeneragd for compatibilitypbetween quadrilateral
facetson templateor retained cusurface facetsas shown in Fig 47. It is noted that pyramid
elenmentswill have a finite volume (FRANC3D does nptoduceflat pyramids).

Addi tional information on meshing and the
Chapter 7.
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Figure 417 Pyramid elements attached to any quadrilateral mesh facet.

The crack front template volume mesh is-gedined and will be added to thieal volume
mesh. The template mesh consists aigeeand brick elemesitFig 4.18 this is described in
Section 6.1.15 of the Reference document.

quarterpoint singular wedge
A‘ crackfront elements
tetrahedral elements\useé “

for most of volume mesh .

’ two or mor ﬂ r
brick elements

pyramids provide compatibility
between bricks and tetrahedra

Figure 4.18Crack front template elements.

4.4 Edge Wizard

The FRANC3DAdvancedmenu includestheE d g e s Wi ioptianr Thé edge extraction

dialog is often required for models with no clearly defined geometry boundaries. For example,
an airfal, Fig 4.19 typically requires that the user break the geometry into manageable pieces.
The leading (and trailing) edge of the airfoil and the transition to the platform naghave

edges thameetthe default kink angle threshold. The result is a large complex surface that is
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more difficult toremesh. Quite often, there are small pieadssurfacs anddangling edged-ig
4.20 that lead to meshing failurétypically the software will gestuck at surface meshing)

=

Figure 4.19Airfoil importedi prior to using edge extraction dialog.

By adjusting the ik angle threshold, Fig 4.2bne can create additional boundary edges that
break the surface intmoremanageable poes and remove dangling surfeesges. Note that

you will have to use the up/down arrow to get the angle threshold to change correctly. The only
guideline is that you should use an angle that does not create dangling surface edges; you might
have to carefully inspect the bounding edges that are displayed.

Note that you should rarely need to use the Edge extraction dialog. If FRANC3D is having
difficulty creatingthe surface meskHuring crack insertigrthen you can try adjusting the angle
threshold (or you can send us thebug.tsfile to examine).Section17.3 describes potential
error messages that you might encounter in these cases.
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Figure 4.2(Red circle highlights a dangling edge on the surface.

Figure 4.21Edge extraction kink amg adjusted to break the surface into multglefaces.

25




































































































































































































































































































































































































































































































































































































































































































































