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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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Finite Element (FE) Model Import

Supported Input FE Model Files

Options for Importing Uncracked FE Models
Boundary Condition Surfaces

Export Model

Demo & Hands On: FE Model Import
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Supported Input FE Files

« FRANC3D supports the following input
finite element files:

— ANSYS: *.cdb files

* The .dat file from ANSYS WorkBench 1s supported,
but a working ANSY'S version must be accessible as
FRANC3D executes ANSYS in the background to
convert the .dat into a .cdb

— ABAQUS: *.inp files
— NASTRAN: *.bdf (*.nas,*.dat) files
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Import a FE Model — a simple cube

surface
traction

ELEMENTS

constraint
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Importing Uncracked FE Models

Three options for importing uncracked FE models:
* Import a complete model
* Import and divide the model in FRANC3D

* Import an already divided model

Select Type of Import

Model Import Type

& Import a complete model

Depending on the selection,

Import and divide into global and local models.

(highly recommended for large and/or complex models) different dialogs arc dlsplayed
" Import an already divided model. after Next
Cancel | Back | Mext

Start with importing a complete model - the complete cube.
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Boundary Condition Surfaces

After importing the FE model into FRANC3D, the Select Retained BC

Surfaces dialog is displayed
Any surface that has boundary conditions will be highlighted in blue

Use Select all and the blue surfaces will be colored red
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ct Retair
= BC's Display
1 Displacements W Marker
£l Node sef W Vectors
Odisp, F Polygo
Wdisp 2 W Text
Odisp,
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Capture image
O[]
Display options
™ Transp: ,
V¥ Globall |
I~ Mesh overlay X
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Display options
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NOTE: do not retain facets where a crack will be inserted.
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Import and Divide the Model in FRANC3D

Select Type of Import

et The Define Local Submodel

mpaor a complete model.

 Impatond dudsinogetal sndlocsmedele dialog is displayed after

" Import an already divided model. Selectlng the FE mOdel ﬁle.
cancel | || nex

& Relative to a principal plane

* FRANC3D has several options " cece
for extracting a sub-model. “wevies

ofset [ 0 Selec|
* The size of the local submodel AT
should be based on the extent of ... "~
[Sefect| T 22 Sefec| T 3 [Sefect| T a
crack growth and the geometry of  cummi caec
" Element-by-element 44 E—
the model. ) — =
‘ [ o ®
¢ Retained From File  Hrovise|

-

the Select Retained BC Surfaces -
dialog 1s displayed if the sub-

*After extracting the sub-model, = =r—_ /

model has boundary conditions,
node sets, or surfaces. g
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Import and Divide the Model in FRANC3D

* Cropping Options
— Specify which ‘side’ of the selection plane or
box 1s selected

— Selected elements are colored red

& O c i

Retainif & One Modeln ¢ All Nodes In

Cropping Options
GO
Retainif @ OneNodeln  All Nodes In
 Relative to a principal plane
g 0
Cropping Options - -
DD g p  Plane normal and offset
armal 0 0
Offeet 0
 Plane from three points
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Import and Divide the Model in FRANC3D

* Relative to a principal plane:

— Choose a plane that 1s aligned with the
Cartesian axe

— Plane can be offset from the origin

{* Relative to a principal plane
XY & ¥YZ O ZX

Offset I 45 Selectl
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Import and Divide the Model in FRANC3D

 Plane normal and offset

— Define a plane that 1s normal to the unit vector
defined by the x, y and z coordinates

— Plane can be offset from the origin

Teem— —
Cropping Options e . Display
e |
| —’W
* Plane normal and offset —
BT
X ¥ £ m@g
Mormal: 1 | 0 | 0 —
ey L
Offset 49 Selectl
Cancel Back Next
11
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Import and Divide the Model in FRANC3D

* Plane from three points
— Define a plane based on the selection of three points

— Use the (cross) cursor to pick points; three points of a
triangle define the plane

& Plane from three points

Point1: Select|IT 2 Select| Il 3 Select| M

b
Gropping Options:
& 0 c 0
Retainif.  One NodeIn  All Nodes In

" Relative to a principal plane

C Xy GiYz &

Offset 45 | Seled
€ Plane normal and offset

Y Z

Normal 1 o 0

Offset: 45 Select
& Plane from three points

Point1: Select| [T 2: Select| M 3 Seledt
€ Rubberband Box

| ircu i
I I i f

Part 5



Import and Divide the Model in FRANC3D

 Rubberband box

— Define a box (or cylinder) using the left-mouse button to drag
the outline on the screen

i —— (i e ——
s play Cropping Options Dispiay
@ (e 1] arar cmcm NSk
etain it @ One Node In  AllNodk I Refain it @ OneNodeln € AllNodes In o
Relatve 1o a pncipal pln poans € Relative o a principal plane g"’:”“"‘
vesCem o Cuen A I~ Mesh
- - o (rese (@)
Plane normal and ofisst Piane normal and offset
' — 1 o o 1 — [ o[ o —_—
45 { 15nal| fraady 45 i) oy,
Plane from Mreée points gggg lane rom three points. gggg
: = . |m |m n
A EI. Sl ST | o mnum] LR N mmme )
€ Rectanquiar C Gircular Define omenter ectanguiar C Circular Define Recwie
Elementby-element | e [ Element by-element el T P T TaEl 0009090 0 | _Seour
By Materia C & ] O || )
€ By Element Group 1 By Element Group ]
Retained From File - Retained From File e
crop| Unes| =ec| Reterence point] crop| | Reterence Point|
I% Show elems [~ Show outline ¥ Show elems ™ Show outline
3 i ! i u
L I
ganeel | _peck g | _gace |

Part 5



Import and Divide the Model in FRANC3D

* Element by element
— Select (or unselect) individual elements

— User presses the Select button and then uses the left-
mouse button to select elements one at a time

* Element-by-element

Cixy EIvz €12

Offeel 45 Select
" Plane normal and offset

X ¥ z
Normal 1 0 0
Select Unselect ot [T5 sl

€ Plane from three points

Pojfit 1. 2. [seled] Sele]
© Rubber "

ilar [Defn

ol
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Import and Divide the Model in FRANC3D

« By material
— Select elements based on material ID

+ By Material

Selectl

select by Matenal

Material 1
[[] Material 2

Cancel | Accept

N -

e -

Cropping Options
cmcm
Retainif:  One NodeIn " All Nodes In
¢ Relative to a principal plane
CORY GBIz €12

Offset 0| |Selecl

€ Plane normal and offset

Y Z
Normal l—ol—ol—o
Offset l—oﬂ
© Plane from three points
Point 1: | Select| [T 2 ﬁlr 3 ﬁlr

¢ Rubberband Box

&' Rectangular ¢ Circular |Define.

€ Retained FromFile  Hrowze

Crop| Undo| Redo| Reference Point
¥ show elems [~ Show outline

I=| Show beam and sfiell elements for v

——
e S
e e
Semeseses
..4-..:&-_755-
T -.
A S g

ﬁgég

|
."

™ Mesh

Display

[ Markers
W vectors
W Polygons
W Text

(reset) (d)

Save | Read

Banal
RIFLat

View Options

Recenter
Capture

L || W

Cancel Back Next
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Import and Divide the Model in FRANC3D

* By element group

— Select elements based on a group name

{* By Element Group

Select by Element Group

[] "Cube-2-1_Set-2"

[] "Cube-2-1_all_elements”
[ "_Cube-1 Interface_52"
[[]"_Cube-2 Interface_51"
Cube-1-1_3Set-1

[] Cube-1-1_all_elements
[] set-BC-X

[ set-BC-Y

[l _Sur-Top_SE

[] all_elements

Cancel |

Accept |

Cropping Options
¢ e m
Retain it & One Nodeln ¢ All Nodes In
" Relative to a principal plane
CXy Yz €2

ofet [ 0 Seledt|

" Plane normal and offset

\ Z
Mormal. 0 0 0
Offset: 0 Select
€ Plane from three points

Point1: | Select| [~ 2| Select| [~ 2:| Select| [

" Rubberband Box

& Rectanguiar, &) Circular Define

 Element-by-elemen

By Material
& ByElement Group

" Retained From File

I

Crop| Undo| Redo| Reference Point
¥ Show elems [~ Show outiine

I~ Show bearm and shell elements for reference

Display
¥ Warkers
¥ Vectors
¥ Polygons
¥ Text
I” Wesh
(reset) (d)
F 7o
i e Save | Read
R -
A A AT ,;} ol Y =Y
Y LAY i
-.~. "‘ View Opfions

b
i
i

Recenter
Capture
o L 2

Cancel Back | Next
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Import and Divide the Model in FRANC3D

Retained from file
— Select element 1Ds from a .txt file

— Useful for re-selecting elements that were selected during
a previous import

I Cropping Options Display
& Oc @ F Markers

Retainif & OneNodeln € Al Nodes In ¥ Vedtors
™ Polygons

© Relative to a principal plane

I W Text

XY B2 €1z

Elrnwsel e |
Offset I—O (reset) (d)

€ Plane normal and offset

Y 7

Normal 0 0 0 ll
Offeet ) Il Save | Read
Retained Elements File € Plane from three poins 'I E % %E

e it Veworto|
Direclories X | [Files in CaTemp\Cubstansys " Rubberband Box '

Er Allc. &) Rectangular ©) Gircular |Define CEETE
AL Autodesk [] Ansys_Cube_RETAINED.bt & ' Capture
@63 bruce Element-by-element f
1] cygwinG4 I - ’ O [

By liateral
] Jane ' . @
[l | =CPermogs By Element Group '
Program Files ’
Program Files (&6} (( © Retained From File
&1 Python27
(] RegBackup Crop| Und Reference Paint

200 SMuLA ¥ show elems [~ Show outline
B3 Temp a
i ] AnistropicThickPlateShear s I E e

I &[] AnisotropicThickPlateTension IJ_\
Brueggert o
CenterThuCrackPlate
(] ComerCrackHolePlate
I =11 Cube

(3 Abagus

Cancel Back

l (1 Nastran L]
|| Filename: [ansys_Cube RETANED_ELEMS tt File type: [Text File Files (b47.TXT) =
I

I Cancel Accept 1 7
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Import and Divide the Model in FRANC3D

* Crop, Undo and Redo

The Crop button at the bottom on the left side performs the actual

cropping operation

Once the selection is made, elements are cropped by pressing the

Crop button

Un-selected elements are removed

User can Undo or Redo cropping operations
Multiple selections and crops can be performed in sequence

Part 5
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Import and Divide the Model in FRANC3D

« Reference Point

— The user can select a node or xyz coordinates for a reference point in the
model. The center of rotation 1s automatically adjusted to this position.

r ® —
Define a Local Submod -
Display

Cropping Options
& Ol e M ¥ Warkers
¥ Vectors

Retainif: & One NodeIn ¢ All Nodes In
¥ Polygons
I Text

™ Wesh

(reset) (d)

Save | Read

(a1 D]
R LA

" Relative to a principal plane
LRy BlYZ O 2

Reference Point P [

' By Coordinates:

| 10 | 10 | 10

o

rop| Undo| Re 26

Cancel | Accept |  Show elems I Show

| I~ | ehiow beam and shell

Cancel Back | Next
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Import and Divide the Model in FRANC3D

* Once an element set has been selected and cropped, the following
files are saved:
— Local model
— Global model
— File with the base file name followed by RETAINED ELEMS.txt

— Contains the element IDs for the local model

— Can be used with the Retained From File option when defining the local submodel
dialog box

— Can be re-used during playback of a session log

* Local and global models can be recreated by the using the original
FE model and the RETAINED ELEMS.txt file

« FRANC3D automatically creates an AUTO CUT SURF for the
local portion and a GLOBAL CONNECT SUREF for the global
portion

20
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Import Already Divided Model

e If the user has already divided the FE model into
global and local model files, these files can be
imported directly.

Select Type of Import

Madel Impaort Type
" Import a complete model.

Import and divide into global and local models.
(highly recommended for large and/or complex models) Specify the Files

& Import an already divided model

Mesh File Type
 ANSYS & ABAQUS © NASTRAN

Cancel Back | Next I

Mesh File Mames

Global File: I Browsel
Local File: I Browsel

Cancel Back | Wext |
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Import Already Divided Model

e This option can be used:

— Once LOCAL and GLOBAL files are saved using
the second option (import and divide) in FRANC3D

— If the FE model 1s divided using other tools/software

* 1t 1s important to remember to collect the node sets
(components) that define the cut-surface between the local and
global portions so that these can be selected later when
merging the cracked-remeshed local portion with the global
portion. The sets must have different names 1n the local and

global portions.

22
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Export Model

File Export menu item can be used to save the FE model data
without saving the FRANC3D .fdb

User selects the analysis FE model type and enters the file name
Used to convert FE model files from one type to another

Enter a file name

Mesh File Type
¢ ANSYS ¢ ABAQUS C NASTRAN I~ Wlerge global and local portions |

Mesh File
& IDTemp j New directory

Directories Xl Files in EX\Temp |
=

R FRANC3D tries to “pass-

# ] consulting
® (] data

oy through” as much of the FE

& 21 movies
® 21 music

S data as possible, so

® 3 www

S converted files might have

& F\

= data that is not compatible.

=V

File name: |ANSYS_cube_EXPORT.ingd File type: |ABAQUS Files (.inp." INP) |

gaﬂcell Back | Finish |
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Demo & Hands On (Homework):
FE Model Import

« FRANC3D Tutorial #1:

Documentation: Crack Insertion and Growth 1in a Cube
o FRANC3D/ABAQUS

Tutorial

o FRANC3D/ANSYS
Tutorial

o FRANC3D/NASTRAN
Tutorial

o FRANC3D/SIERRA
Tutorial

24
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FRANC3D Tutorial 1

ELEMENTS

ANSYS ABAQUS NASTRAN
10x10x10 cube; units of length are mm Yy
subdivide edges for meshing using 10 to 20 subdivisions
use quadratic brick or tetrahedral elements X

Z

material properties: E=10000 MPa and v=0.3
uniform traction (a negative pressure) on the top surface of 10 MPa in Y-direction

bottom surface constrained in the y-direction, bottom left edge is also constrained in the

x-direction, and the point at the origin is also constrained in the z-direction
25
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FRANC3D Tutorial 1

Step 1: Build the FE model or use the pre-made model
- from FAC downloads
Step 2: Extract local sub-model portion

— node component/set for cut-surface(s) automatically created
— write local and global portions as separate model files
— local and global FE data automatically made consistent

Step 3: Import sub-model portion into FRANC3D

Local and
| global
| \ defined in
Local and : RANCID
global | : ﬁ@‘

defined in | : g5es
FE code | :

|

|

| L /

|

|

|

|

|

26
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Demo/Hands On (Homework):
Importing and Dividing FE Model
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FRANCS3D Tutorial 1 — Import FE Model

For Step 2 when using FRANC3D:

5 FRANC3D: - P T 5
File Edit Cracks Loads Analysis Fatigue Freting Advanced Help
Open... ct-0 FRANGCID

Set Waork Directary. Version 7.0.1
<l - Display
™ Markers
¥ vedtors
Ex \ ¥ Polygons
[ Select Type of Import 7 Text
Playback. ™ Mesh
Quit cti-Q Model Impaort Type (resel) (@)
" Import a complete model.
- Import and divide into global and local models.

(highly recomonded for large and/or complex models)

" Import an already divided model.

Cancel I

Select Input Mesh File

Mesh File Type
& ANSYS © ABAQUS  MNASTRAN

™ Extra load files

Mesh File

< & [C1F320 subdivide -

Directories X | Files in E:\current sims\zane\Ansys\Cube\F3D subdivide

T swri_test_models :l
=[] SWII_v7
[# (] thin_plate_edge_crack
(] Tstress
(1 tutorial lug
=] wvect_brick
] wash_two_half_cyl
@ (] wash_two_materials
] WORKBENCH
® (] xfem comparison
=[] ying
=1 zane
(1 Abagus
20 Ansys
= Cube
] Complete

(] Linear
(1 model

|\mpm1 an uncracked mesh model

® (1 Disk

Import and divide
ANSYS cube model

® 1 Plate
[ Nastran =l

File name: |Ansys_cube.cdb

File type: JAnsys Files (".cdb,”.CDB)

Cancel I Back |
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FRANCS3D Tutorial 1 — Import FE Model

Submodel Tool:

« Elements shown in red are retained when the model 1s Cropped

 Rubberband Box tool demonstrated

i
£i

HRREEER
i3
3

2|[3 s

After selecting
the elements to
retain and using
the Crop button
— select Next.

Part 5



FRANCS3D Tutorial 1 — Import FE Model

Submodel Tool:

* Local and global portions saved along with the list of retained
clements; the latter allows for scripted restarts (i.e., playback).

-
Save the Files

Save the Global and Submodels

Directory: _setDirecton| Cut-surface mesh facets retained

E\current sims\zane\dnsys\Cube\F3D subdivide

Global File: IAnsys_Cube_GLDEl\AL.cdb

Laocal File: IAnsys_Cube_LDCAL.cdb

Retained File: IAnsys_Cube_RETAINED_ELEM St

~

) =G

Note that there are no

boundary conditions on

this particular (local) sub-

model selection. Q/
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Demo/Hands On (Homework):
Importing Complete FE Model

Note: File — Close the prior import.

Part 5
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Importing Full Model

Import complete cube model:
[ Select Type of Import E:}‘:QOHS
™ Mesh
Model Import Type .’."‘.‘Q" ™ Fronts
@+ import a complete model [ H’E:.:.Eigzii;:’:‘:”iai (resely ()
mport and divide into glabal and local models. ' : .‘
I(highlr;' ret?otrjnogdedtfogrll;gle an?i:'or ::lom;:»lljexI models) i‘i“a"i’i’i’i’
¢ Import an already divided model. / HEHHE‘E”"H”%’ Save | Read |
SRR Saes
Cancel coce|[ mext / Shownode sets | . ..“iﬁ“i" ]
/ Show surf sets Recenter
/- Use mouse tO Show surfaces | 2)\" Capture image
Read retained file C H @
rotate mode] |- -
ShiftrClickto select surfaces Cancel pack |[ nex |
Select all | / Display Selectall | . . Display
Unseloctal | EL":;:,:' nssectal_| Red is retained i
v Paolygons W Polygons
¥ Text
™ Mesh T
[ Fronts SIS SIS - o
’m H‘Q‘::‘::EE?‘E%‘:’:’!E (reset) (d)
N
Ny -.....0’"""“
Save | Read “ ...-."""“"
- ‘ .‘.‘ ' ’ ""’ Save | Read
T TR e
Show node sets Y ml ““"""”" a G El@
_snownogesets| NNRNAgEE
e USIEaE \Z;x Recenter | Show node sets | y .."“‘ Ml
5 Recent
Show surfaces | —Icamure Image Show surfisets Z/{\X ecer.1 el
Read retained file | L—igl Hl @l Show surfaces | M
Read retained file L | bt
Shift+Click to selact surfaces Cancel Back ”ﬂTI 4| - @
Shift+Click to select surfaces Cancel Back I Next
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FRANCS3D Tutorial 1 — Import FE Model

Surface mesh facets are retained where boundary conditions are applied
and selected to be retained.

r T —
—
#1 FRANC3D: Ansys Cubecdb — — _'-

File Edit Cracks Loads Analysis Fatigue Frefting Advanced

Surface with boundary conditions has mesh facets retained | ==

Reminder — you can
not insert a crack
into a surface where
facets are retained.

33
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Demo/Hands On (Homework):
Viewing the Model
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FRANCS3D Tutorial 1 — Viewing Options

File Edit Cracks Loads Analysis Fatigue Fretting Display Advanced Help
FRAMC3D
Version 8.2
Display
. . W Markers
Practice view control: " ronams
W Text
Left mouse button — rotate F Mesh
Fronts
Center mouse button — pan (reseD) (@
Right mouse button — zoom and spin
Center mouse button + SHIFT key — si: |en
.. B a
front clipping plane © @ B
View options
nght mOllSG button + SHIFT key - Recenter
back clipping plane b7 -
ppmgp AP

Ready.

35
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End Part 5
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