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Miscellaneous Topics
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Reading Analysis Results

Python Interface

Crack Face Traction

Merging Cracks

Display Menu Options
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Some Limitations and Potential Issues
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FRANC3D Files and Restarts

See Section 3 of the User’s Guide.

Restart from FRANC3D .fdb file:
— From FRANC3D menu, select File - Open.
— Choose .fdb* file and select Accept.

— FRANC3D automatically reads the results file** along with
the initial uncracked FE*** and the cracked FE model files

*The .fdb file is a plain text file with references to other files, the flaw geometry, mesh
template and crack growth parameters, and the crack growth history.

**The analysis provides nodal displacement and possibly nodal temperature and crack face
contact pressure results. These will be saved in the .dtp file for ANSYS and ABAQUS; the
.pch file for NASTRAN has only displacements.

***Cracks, whether initial or subsequent steps of growth, are always inserted into the

original uncracked (local) FE model.
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Reading Analysis Results
(if the analysis Is run on a different computer)

rResuHs File
B FRANC3D: Abaqus_Cube sub.fdb
@A P |[:|Ansys j
F|Ie Ed|t CraCkS Loads AnahjSiS Directories X | | Files in C:\Temp\Cube\Ansys
=) I [ [
Open' " Ctl-o # ] Autodesk D Ansys_Cube_crack.dtp
Set Work Directory #[] bruce D Ansys_Cube_sub_full dtp
® ] cygwinfi4 (] Ansys_Cube_sub_STEP_004_full.dip
Close ® 7 Jane [ Ansys_Cube_sub_STEP_002_full.dtp
® 1 PerfLogs (] Ansys_Gube_sub_STEP_D03_full.dtp
SaveAs... 1 Program Files [] Ansys_Cube_sub_STEP_004_full.dtp
. | Program Files (x86) D Ansys_Cube_sub_STEP_005_full dip
|WPOT"-- . ® 1 Python27 (] Ansys_Gube_sub_STEP_D0B_full.dtp
# ] RegBackup
Export"' ® (] SIMULIA o
| Read Results... S0Tem
11 AnisotropicThickPlateShear
PlaybaCk ® 1 AnisotropicThickPlateTension
#[1 Brueggert
th Ctl-Q 1 CenterThruCrackPlate
# ] ComnerCrackHolePlate
=1 Cube
(1 Abaqus
Results are read omm
1 Cube_test_rings o
H [ Nastran hd
aUtomatlcaI Iy by File name: | File type: [Ansys Results(*.dtp," DTP,".dsp,"DSP) ¥]
FRANC3D when |
Cancel | Accept

opening the .fdb file, if

the results file exists.
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FRANC3D PyF3D

See Commands and Python Reference
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FRANC3D Python Programming Interface

FRANC3D has a programming interface that is an extension to
the Python programming language.

Python iIs an open source, object oriented, scripting language,
which is popular in engineering and scientific computing
communities (e.g., it I1s used with ABAQUS).

The Python interface allows one to automate repetitive and
possibly error prone tasks.

It also provides a possible strategy for coupling FRANC3D with
other computational applications.

Use Fcl2Py executable to convert session logs to Python.
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A simple PyF3D Program

import PyF3D The session log can be converted to Python,
£3d = PyF3D.F3DApp() and modified to insert a list of cracks:
f3d.OpenMeshModel( # lists of crack size parameters to

model_type="ANSYS",

file_name='cube_orig.cdb’, a_sizes = [0.0160, 0.0320, 0.0480,0.0640,0.0787, 0.2362,0.3937]

extra_files='cube_orig.s01','cube_orig.s02’, b_sizes = [0.0160, 0.0787,0.2362, 0.3937]

retained_nodes_file="cube_orig_ RETAINED.txt")

# loop through the crack size matrix
f3d.InsertFileFlaw(
file_ name="test.crk’,

radius=0.0081)

for ain a_sizes:
for b in b_sizes:
# create flaw, insert it, and run analysis......

f3d.RunAnalysis(

model_type="ANSYS",

file_name="test.fdb’,
flags=["OUTPUT_MAT","OUTPUT_CS","NO_WRITE_TEMP","TRANSFER_BC","NO_CFACE_TRACT","NO_CFACE_CNTCT"],
connection_type="MERGE",

element_series_type="SOLID_185_187",

executable='ANSYS150.exe’,

command=""ANSYS150.exe" -b -p struct -m 4000 -db 1000 -i "test.macro" -o "test.out"’,
offset_mat=0,

offset_csys=0,

license="struct",

crack_face_contact=False)

f3d.ComputeSif(
do_therm_terms=True,
ref_temp=71.6) Part 11 8



Crack Face Traction

See Section 12 of the User’s Guide
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Linear Superposition
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Fig 2.5.2 (a) Internal crack in a solid loaded with an external stress o. (b) Crack closed by
the application of a distribution of surface tractions F. (¢) Internal crack loaded with sur-

face tractions F, and Fj.
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http://iwww.springer.com/978-0-387-681 87—0|

Introduction to Contact Mechanics
Fischer-Cripps, A.C.
2007, XXI, 226 p., Hardcover
ISBN: 978-0-387-68187-0
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Crack Face Tractions

Crack face traction applied in FE
code as nodal forces; includes
normal and shear components.

Cube model with normal
tension and shear load.

,,,,,
x Principal
Del

Crack on +z face
and on +x face.
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Crack Face Tractions

M-integral DispCor
e —
———
T—0d.___ 0 06__0a===TE 05 1

=== far field mode |

== far field mode Il —

= far field mode Il —

“——tractions mode | “——tractions mode |
—t ~—tractions mode Il

M-integral ——far field mode |

Part 11

Crack on +z face

M-integral (crack face
traction term included)
versus displacement
correlation SIFs.

Crack on +x face

ABAQUS and ANSYS
give essentially identical
results.
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Merging Cracks

See Section 8.4 of the User’s Guide

Part 11
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Crack Front Growth and Merge

Crack Growth & Merge

Crack Growth & Merge

Display Display
¥ Markers ¥ Markers
¥ Vectors ¥ Vectors
¥ Polygons ¥ Polygons
v Text v Text

[~ Mesh [~ Mesh

L

Crack Extension Front Fitting Options

& median extension: I 0.1
" number of cycles: I 1000

" Cubic Spline
& Moving Polynomial (order)l 2

%): e

ap

Save | Read

G La =)
ALl

View Options

Recenter

| &

-

Flaw Template

[V use crack-front template
Template radius setas: ¢ absolute value & % of crack increment

(] FRANC3D: AC_2crk_step_001.fdb
File Edit Cracks loads Analysis Faligue Freting Advanced Help
ate
FRANGID
Version7.10

Display
[ Markers

Save | Read

vRBa
AL Ll

View Options
Recenter
Dutl Hl @l

¥ Vectors
¥ Polygons

Cancel

Cracks need to be
mostly co-planar

[ Text

I¥ Mesh

Ty

N

|Ready.



Display Menu Options

See Section 11 of the Reference

Part 11
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View Response

B ' Response - L X

Display “Mesh Qverlay

I Markers ~ Display Mesh Overlay

# Vectors .

¥ Polygons ™ Show Mesh Node Id's

¥ Text Mesh Color: # Black © White

™ Mesh Center on node| Node D: | 0

(reset) - Deformed Geometry

(crack) I~ Display On Deformed Geometry
Deformation Magnification Factor: | 0
Use load/case: |

Save | Read It,

¥ B/ || Displayed Regions

Q@®P || = All Regicns ¢ Material ID: | -1
, ; ;
View Options|| & show Original Solid
_ Recenter || gnon Original Outline
'-_-'J\| Hl @l I~ Show Region Colors

Allows one to view the deformed shape of the cracked mesh portion
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reate Animation

B Create Animation - O X

File )Settings

Display
¥ Markers
¥ Vectors

¥ Polygons
Select .fdb file(s) T —

Qi ﬁ |[:|Abaqusfnase j MNew Directory

Directories X | | Files in C:\bruce\ansys\Abaqus_base
=l Allca.
21 Autodesk [ Abagus-Cube-2cracks fdb
=] bruce
=[] ansys
# ] Abaqus_applied_disp
i
[Z1 Abagus_cload_dioad
21 Abaqus_user_defined
21 ansys_with_temp_mat
[Z1 BMCB35
1 gear
1 merge_cracks
7 test_cube_wb |
Z1 Toyota
[
1 hgea
1 Reprise
u 21 cygwing4
21 GARMIN
" - 21 NvIDIA
21 PerfLogs
[71 Proaram Files =

File name: [i.fdb, Abagus-Cube-sub_STEP_001.fdb, Abaqus-Cube-sub_STEF_0021db, . Filetype: [FRANC3D Files Files (* fdb,* FDB) =

q ey || Eet | aine | et | weep | | — =

Create an animation of the crack growth sequence and save to an .avi file.

Part 11 17



Animation of Crack Growth from a Hole in a Wheel
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Advanced Menu Options

See Section 14 of the Reference

Part 11
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Kink Angle Edges

Edge extraction

Kink Angle Edges Display

Needed for models R

which might be
required for crack

with no clearly defined s
geometry boundaries P =D
Allows one to control L — -
the surfac/e | = = = /\E %%?
geometry/topology, i & j

Insertion and remeshing
In some models.
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Create Growth History

Displays the crack growth data.
the fatigue dialog.
FitOldFront Points: CO m b i ned .

| Allows one to save this data to a
} fcg file that can be used with
o <7030 S0 10 Crack growth data can be
| tamtocos <o See Tutorial #1 Step 10.3

Bl Ks
LoadCase 0: < 18.6472, 0.0683234, -0.0372598 =
#Js
#Ts
- Coordinate: < 2 96173, 5 00669, 9.96684 =
# Local Axes
- Kink Angle (deg): < -0.419852 =
- Extension: < 0.22444 >
- Node ID: < 38954 =
# FrontPoint 2 Jid|
C | Save
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Read User Extensions (Python)

Open File
@ B |[:| Abaqus_py j
Directories X | | Files in E:\F3D_test_suite\Tutorials\Session Python Tutorials & and \Abaqus_py - -
= ATt |y Chose the file with
&[] AnsysTests O run.py ) y
# 23 BenchMarks [ run_user_python.py

® (] Extras [ run_user_python3 py th t 1 f
# (] FatigueTests [ user_python.py e u Se r eX e nS I O nS O r
] NastranTests '.1
=120 Tutorials ]
# (] Crack Interface Tutorial 13 C raC k g rOWth .
&[] Cube Load Cases Tutorial 2
# 1 Cube Tutorial 1
#[] Cubes Glued Tutorial 3
# 1 Dent Tutorial 10
# 1 Disk Tutorial 4
& [ Dynamic Pair Tutorial 14
# (] Fretting Tutorial 7
&1 Manu Tutorial 6 Python File Options
# 1 Plate Tutorial 5
®(2] §CC Tutorial 11 .
=10 Session Python Tutorials § ar User Pythl]ﬂ File:

. =] Abaqus py| | Llll }tSESSiDI"I Python Tutorials 8§ and 9\Abaqus_py\user_python3_py See the

File name: [user_python3.py ri| ™ Use the initialization (on_initialize) function

conce ¥ Use the new point (on_new_paint) function CO m m an dS

¥ Use the kink angle {on_kink_angle) function

I~ Use the cycles growth rate (on_cycles_growth_rate) function and Py‘thon

I= | Use the time grawth rate (on_time_growth_rate) function

Select the TUNCHIONS | = ueie at s s s Reference.
that will be used -
from those defined

In the .py file.

Cancel | Accept |
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Plot CFT (section 14.9 of the Reference)

Contour crack face tractions based on mesh-based stress input

17 Response

Troction Magnitude

12.00
. 11.60

11.21
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[~ Show Mesh Node Id's

Display - Traction Component
¥ Markers _
¥ Vectors L )
¥ Polygons ¢ ¥ Teaction (Ty)
¥ Text
™ Mesh ¢ Z Traction (T)
(reset) -

e fEna
(crack)

r Mesh Owverlay

¥ Display Mesh Overlay
Save | Read
(i L)
R Lol

Mesh Color: & Black & White

™ Show Qriginal Qutline

e] Mode |D: I 0

r Contour Levels

™ Custom Contour Level Thresholds

[ower: I 8.41147 uUpper

11.6043

Part 11
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Edit Retained Nodes (section 5.6 of the User’s Guide)

Edit retained nodes Edit retained nodes

Selectall | Display setectan_| olepiay
=
Unselect all | - :z t‘: ;k:: | wl ] I: :d:crtkoerrss
retained node e
\ . i v |

V¥ Polygons
IV Text

™ Mesh

™ Fronts

(reset)
(crack)

Save | Read

Sl La|lZ)
ST Ll

Wi ti
u iew options |
kx Recenter |
z Capture image |
O [ &

Bac | Finish I

Show node sets | U
Show surf eets QX
z

Show surfaces
Read retained file |

[l]
i

Allows one to change the retained facets if crack growth
reaches a retained surface and further growth is desired.
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Some Limitations and Potential Issues

See Section &, 9 and 17 of the User’s Guide
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Triangulating New Crack Growth Geometry

Users must make sure that crack fronts do not overlap when
fitting and extrapolating.

Crack front geometry overlap

Intersection of new and old front segments
Mew front point 7 intersects old front
Intersection of new and old front segments
clearing crack front ids

Failed triangulating new crack growth surface

Failed to propagate crack front B
Failed triangulating new crack growth surface
Failed to propagate crack front 1
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Crack Front Oscillations

lllllll

qTAT g

dol2=E2_ 2

2 L=z | = )
R TR
SR =] -]
g g3 S8 g
3 224 F
7 Ho 5

s3z|(0«
IR
M

small crack steps (stable crack-front shapes)
AT MMM If you see this type
Iarge crack steps (unstable crack-front shapes) Of grOW’[h, yOU
)()O\)” IIDEDEBII )()[) ) should take smaller
steps or simplify the
> crack front fitting,
l.e. use a lower
order polynomial.
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What to do when something goes wrong
during crack insertion or growth

If the program crashes before you see the “Flaw Insertion Status™ window:

« Use the “Advanced -> Flaw to File Wizard” option to create a .crk
file that describes the flaw you are trying to insert.

« Send the .crk file along with the mesh file (.inp or .cdb) to us.

If the program crashes during flaw insertion or the program reports that it cannot
Insert the flaw:

» Check to make sure that no part of the flaw or crack-front template is in
the retained (cut surface) portion of the sub-model.

« Check the Command/Terminal window for messages.

* Look for a file called “debug.tst” in your working directory and send it

to us.
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Elasto-Plastic Material

Part 11
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Example Simulation

2000 T i
' - = damage mechanics
e e cohesive zone
— experimental lower bound
15001 - experimental upper bound | |
froy
=
5 1000 L g | N ]
©
o
—
sooff S NGt SO
0 ‘ ‘ ; ‘
0 100 200 300 400 500

Predict fracture path and load vs COD oD (mils)
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Example Simulation: LEFM

S, Max. Principal

{Avg:

-

75%)
+2.281e+06
+2.500e+05
+2.288e+05
+2.075e+05
+1.862e+05
+1.650e+05
+1.438e+05
+1.225e+05
+1.012e+05
+8.000e+04
+5.875e+04
+3.750e+04
+1.625e+04
-5.000e+03
-1.919%e+04

Part 11
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Linear Elastic — Singular Wedges

Static Analysis

Abagqus Options *Material, Name=Cube
Abaqus run time: *ELASTIC,
Abaqus Executable: |C:\SII‘-AULIA\Abaqus\Commands\.abaqus.bat Browse TYPE=ISOTROPIC
Python script (will run before Abagqus): l Browse | 1.0e+04, 3.09-01,

Local model outn ABAQUS Local Model Cutput

Edit Defaults | )

Abaqus Local Model Qutput

——— ]
Global model: — Output results: = lastframe ¢ everyframe ]
[ |Cmmedin g Elementtype:  default © M C R C H  M&R " M&R&H ] kil |ntegrall T-str | Table | Export

1 - wedge  collapseNgrick  blunted brick Mode I Stress Intensity Factor
Boundary conditio

02.00

Crack front eleme

[~ Apply crack fa Crack front element®Nge: & guarter point midside

[~ Write template section
Abaqus command

View/Edit commli| ¥ template rings: |3— 500 M - I nteg ral S I FS

template material name: |temp|ate_material

[+ Transfer retained bc's MH
[ Write nodal temperature

24.00
[~ Write *contour integral
Cancel Accept

o Lo U v o by v e by v by by by e by b Ly

0.0000 0.200 0.400 0.600 0.8300 1.000
Canci
A B

normalized distance along front




Elasto-Plastic — Collapsed Bricks with MidSides

Static Analysis

*Material, Name=Cube
*ELASTIC,

Abagus Options

Abaqus Executable:

Abagus run time:

|C:‘.SIMULIA‘Abaqus‘.Commands‘nabaqus.bat

Browse

Python script (will run before Abaqus): |

Local model ou

ABAQUS Local Model Cutput

Abaqus Local Model Output

Global model:

[~ Connectto

Boundary condi

[~ Apply crack

Abaqus commg

ViewlEdit Con

»
Edit Defaults

Outputresults:  lastframe O every frame
Elementtype: & default C M T R T H
Crack front elements:  wedg
Crack front elements use: ¢ giwggr point & midside

[ Write template section

#template rings: |2

* collapsed brick  blung

Browse
e |

template material name: |template_material
W Transfer retained bc's
™ Write nodal temperature

™ Write *contour integral

Cancel

Accept

y -

Cancel

TYPE=ISOTROPIC
1.0e+04, 3.0e-01
*PLASTIC

6.6e+01, 0.0e+00
6.78e+01, 2.623e-03
6.85e+01, 1.3623e-02
6.99e+01, 9.3623e-02
7.05e+01, 1.33623e-01
7.10e+01, 1.73623e-01

SIFs very similar to quarter-point wedges.

normalized distance along front

K| ki Kl |Hntegral] T-str | Table | Export |
Mode I Stress Intensity Factor

1900.0 _
_ M-Integral SIFS

do not make sense

M’—‘
1500.0 _
1300_0:... . ] P BT Ll | Ly | .
0.0000 0200 0.400 0.600 0.800 1.000

A B




FRANC3D Elastic Plastic J-Integral Using ABAQUS

Abaqgus Options

Abaqus run time:
Abaqus Executable: home/wash/dev/SFem/MockAbaqus/MockAbaqus Browse |
Python Executable: Ipyth

Python script (will run before Abaqus): —
Abaqus Local Model Output

Output results:  last frame " every frame

Extract results: ¢ full model & cracked model " template nodes
sha Element type: @ default C MC RCHTC MIRC MIRHC IC T

[~ Connect to global model fi|ename;[_ Crack front elements: ¢ wedge * collapsed brick ¢ blunted brick
Crack front elements use: ¢ quarter point " midside ¢ near quarter

- )  Def [~ Write template section
Apply crack face tractions [ Define crég # template rings: |167

ocal model output:
Edit Defaults | iap O

Boundary conditions:

Abaqus command: template material name: template_material
View/Edit Command | [ Write files [ Transfer retained bc's

™ Write nodal temperature

[ Perturbation step

Contour integrals (requires collapsed bricks):

v ABAQUS *contour integra
[v FRANC3D non-linear J-ir;egr’b
—
Cancel | Accept

7] |
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FRANC3D Elastic Plastic J-Integral Using ABAQUS

ABAQUS computes mid-side
and corner node values of J

Crack Growth Stepm
Front Position [0.508 7

tepH Sub Step m Cra
& Along Front {) By Ring

J- ::able | Export |
J-Integral Variation for Ring 10

J - Integral

Analysis Load P
 Along Fro{it ¢ By Ring
Xport |

FRANC3D is not able
to compute elasto-
plastic J from ANSYS
or NASTRAN as the
required results cannot
be extracted.

=~3ub Step [—_] Crack Front m Crack Growth Step m

Ring |10 - Front Position OASOBH

J-Integral by Ring at Npos = 0.508

T

11.0
10.5 4
10.0
95 |
9.0 |
- 854
8.0 1 ——ABAQUS
75 A

——FRANC3D

7.0 4

6.5 4

6.0 T T
0.0 0.2 0.4 0.6 0.8 1.0
normalized distance

J - Integral

| 1 1 1 1

1
6.000 10.00 14.00 18.00

I Integration Ring I




Mapping the
deformation can
lead to elements
that are too
distorted to solve!

Example Simulation

Propagated crack
Inserted in

undeformed state
into original mesh

Deformation
mapped after
remeshing

Deformed
state after
crack growth
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End Part 11
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