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1.0 Introduction

Thesetutorialsdescribemany ofthefracture simulation capabilitiesf FRANC3D. The tutorials
are applicable to ABAQUS, ANSYS and NASTRAN; where there are differences between the
analysis codes, extra sgbctions are added’he tutorials start at #2ecausd utorial #1 is the

base tutorial, which iprovidedfor each of the analysis codes in separate documents.

Note that all tutorial model files are available from the FAC download site. We diesxibe
how to build the FE models that we use in these tutorials, although there should be enough

information included so that omanbuild their own model

2.0 Tutorial 2: Multiple Load Cases andCrack Face
Tractions (CFTs)

In the first part of Tutorial 2, we describe the process of importing a model with multiple load
cases.Once a crack is inserted, additional load saseapplied as a crack face pressare
traction(CFT). We apply aconstant pressure in Sectidi, we apply a surface treatment
residual stress in Secti@i10, and we apply medbasedstressn Section2.11. Section 12 of

the Userés Guide provides additional i nf ormat

A simple cube model with thrdead casess used this is the saménite element (FE)nodel
used in the badetorial (seeeither ofthe FRANC3D/ABAQUS, FRANC3D/ASYS or
FRANC3D/NASTRAN Tutorias), but with two extra loadasegor loadstep3. The first extra
load casencludespositive (farfield) surfaceraction equal in magnitude to theegative traction
of the first load caseThe second extra load caseludesnegative (faffield) surface traction
that isdouble the magnitude of the first loadse.



Note that the first extra load case will cause the cube to compress, and we describe how to apply

crack face conta¢CFC)to prevent mgative Mode | SIFs in Sectiong2

2.0.1 ABAQUS Load Cases

For ABAQUS, the load cases are definedinthef. i | e and are differentia
commands.Note that FRANC3D does not support *LOAD CASE data; you should use multiple
*STEPSs instead.

2.0.2 ANSYS Load Cases

For ANSYS, the load casean bedefined inthecdbf i | e and di ffejpentiated
Al snwm=d,hey can be i ncl ordheydan bedefined iMseparate .e#t , f i |
files. If .s## files are used, make sureshemeoad casés) are not alreadgontained in thecdb

file. FRANC3D will look for boundary condition data in thelbfile, and if data exists,

appropriatdoad casswill be created.

| f one Ai mports and dividesodo a model with ext
Adi vi dedodo boundary conditions/ | oadsisdatat o t he
will be writtento the correspondingdbfiles, rather than writing extra load step files.
Consequently, when importing an dalready di vi
files is not active. This is important for users that wish to divide the niogl@iselves (not using
FRANC3D), aghe global and local padns must include all thappropriate boundary

conditionsfor all load steps

2.0.3 NASTRAN Load Cases

For NASTRAN, the load cases are defined in b (or .nasor datf) file and are differentiated
by ASUBCASHD.



2.1 Step 1: Reading-E Model into FRANC3D

Stepl.1: Importing FE Model

Start theFRANC3Dgraphical user interfaq&UI) andset thework directory. SelectFile Y
Import, Fig 2.1, andm thedialogshown in Fig2.2, choos€Complete Model SwitchtheMesh

File Typeradio buttonin the Select Import Mesh Fildialog, Fig 2.3, tothe appropriate analysis
code. Select the file name for the modeahd tha selectNext.

File Edit Cracks
Open... Ct-0
Work Directory...

L

Export...

Read Resulis. .
Playback...

Cuit Ct-0

Figure2.1 FRANC3Dgraphical user interface

Select Type of Import

Model Import Type

¥ Import a complete model

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

" Import an already divided model.

Cancel | Bac | Mext

Figure2.2 Import type



Notethat we could subdivide the cybmut for simplicity we just import the full model. For
simple models, the timequiredto remesh the volume is short. However, for most models, we

want to subdivide to avoid remesy the full model at each step of crack growth.
i e RS ]

Select Input Mesh Fil

— e

Mesh File Type
 ANSYS & ABAQUS  NASTRAN I= | Extra load files

Mesh File
@ P ID complete j

Directories b4 | Files in EX\current simsizane\Abaqus\Cube\complete |
[+ _] simple_spin_disk ;'
(21 small_ct
1 small_sr
(21 solid shaft
® ] spline impact
[0 swri_residual
1 swri_test_models
20 swri_v7
[ thin_plate_edge_crack
[Z1 Tstress
M [ tutorial lug
(21 veet_brick Ul
(21 wash_two_half_cyl
[Z1 wash_two_materials
[Z1 WORKBENCH
[ xfem comparison
[ ying
B[] zane

=[] Abagus
=1 Cube
os

] F3D subdivide =

File name: IAbaqustube.inp File type: lﬁbaqus Files (*.inp,* INF) j

Cancel | Back | Next |

Figure2.3 Select Input Meskile dialog boxi ABAQUS selected

2.1.1 ANSYS .s## files

For ANSYS, if the extra load steps are contained##files, theExtra load filedhox (top right

of Fig 2.3) must be checked. An extra dialog withsgtkfiles will be presented after choosing
the basecdbfile. The file selection dialog allows you to choose multiple files by holding the
Shift or Ctrl keys.

The tutorial files on the FAC download site include the bedlefile and two extra load step

files with extensionss02and s03 The cdbfile contains the first load step.
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Step 1.2 Select the Retained Items in the FE Model

The nextpanel, Fig2.4, allows you to choose thaesh surface facets that ae¢ained Surfaces

with boundary conditions appear bjigg 2.5, and turn red when selected, Bi§. We retain

the surfaces withoundary conditionfop and bottom of the cube) by choosBgject All. The
boundary conditionaretransferrecautomaticallyto the new mesthen thecrack is inserted.
SelectNextto set the FE model units. Sl units of mm and MPa can be used for length and stress;

there are no temperatures in this modelthose units are not relevant.

Note that the boundary conditions for all load steps are applied to the same surfaces in this

model.

Select Retained BC Surfaces
Select all | Display
v
Unselect all | I Markers
¥ Vectors
¥ Polygons
IV Text
I~ Mesh
I Fronts
(reset) (d)
Save | Read
aamg
Show node sets | Y View options |
A |1 et | Recenter |
S e e = e
Show surfaces | Capture image
Read retained file | L—|—<.| I'_"ll @l
Shift+Click to select surfaces Cancel | Back || mext |

Figure2.4 SelectRetained BC Surfaces wizard panel.
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Mext

Back

Cancel
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Select Retained BC Surfaces

H {19 1o £ : | 5| @
5222883 3l &gl L 8 g s : e
s A= © b g 8| 7
B 3
‘e
[ o
g =
=
(%]
g
@©
OS5 557 g
O A 77 ;
I, %
3
c
* ..n@
B (O]
“ (0
o | ©
8l o |,
= () o
[ ol 2 m (2] 5 - ==
wm m mm m _Wv nm wm m mm
@ 5]

Figure2.6 Select RtairedBC Surfaces wizard panafter Select All

Shift+Click to select surfaces




Step 1.3 Displaying the FE Model

The model is displayed in the main window. You can turn on the surface mesh and manipulate
the view. The model should appear as inZ#y which shows that the mesh is retained on the

top and bottom (not shown) surfaces where the boundary conditions are applied.

)
®
Kz

Figure2.7 Model imported into FRANC3D, showing retained facetshentop

2.2 Step 2: Insert Crack From File

From theFRANC3Dmenu, selecCracks Y Flaw From Files, Fig 2.8. The first panel of the
wizard, Fig2.9, lets us choos8ube_Crack.crkthis file was created in Tutorial #5elect

Acceptonce the file is selected.
The flaw being added is a circle with radius=1, centered on the front face and parallel to the xz

plane. This crack was creatpreviouslyusing the New Flaw Wizard with ttsave to fileoption

selectedyou can use the New Flaw Wizard if you do not havedtifile.
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B FRANC3D: A

nsys_Cube

File Edit | Cracks Loads Analysis Fatigue Display Advanced

MNew Flaw Wizard... |

Multiple Flaw Insert...

Compute SIFs..

Crack...

d Crack Growth...

Edit Crac

SIFs A

SIEs For All Eronts:

A

Figure2.8 Flawfrom Files option in Crack menu.

Locate .crk flaw file(s)

@ & 21 Ansys

j MNew directory

Directories

x

Files in E-\Tutorials\Cube Load Cases Tutorial 2\Base\Ansys

= C

= DA

= EN

# 1 BenchMarks
= (3 Temp

=11 Tuterials

=[] Base
& (1 Abaqus

# (23 Nastran

&1 SurfTreat
# 1 Cube Tutorial 1

| [Z1 Disk Tutorial 4
4

&[] Crack Interface Tutorial 13
EIZ1 Cube Load Cases Tutorial 2

(21 Mastran_orig
# 1 MeshStress
[Z1 MeshStressWithTemp

&

&[] Cubes Glued Tutorial 3
& (23 Dent Tutorial 10

15

File name: [Cube_Crack.

crk

File type: |Flaw definition Files (*.crk,* CRK) ﬂ

Cancel |

Accept

Figure2.9 Faw from file dialog to selectrk file.
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The next panel of the wizarHig 2.10, allows youo adjust thdocation of thecrack;a flaw from

a file cannot be rotated.eave the crack at its location and selekt. The final panel, Fig

2.11, allows you tadefinethe template.The template radius set t00.05 leave all the other
defaults andelectFinish. Fig 2.12 shows the resulting remeshed cracked model. Note that the

template radius is reducéwm the defaulto improve the solution when we inclu@é&Clater.

Orient user flaw

Flaw translation Display

™ Markers
v Vectors

¥ Polygons
W Text

™ Mesh

I~ Fronts

(reset) (d)

global

Save | Read

LB hals
Q@ o

View options

Recenter
Capture image
O || &

Cancel ‘ | Mext [»

Figure2.10 Flaw wizard panel to set location.

Crack front mesh template Display

Template radius: 01 ¥ Markers

. ¥ vectars
[ Display full template
¥ Palygons
Meshing parameters‘ Configure template 7 Text

™ Mesh
™ Fronts

(reset) (d)

Save | Read

BRaBa
W (w2

View options

Recenter

Capture image

EE

Einish

Cancel | ¢] Back

Figure2.11 Flawwizard panel to set therack template mesh
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o

%x

Figure2.12 Remeshed cracked model

2.3 Step 3: Apply Crack Surface Traction

In addition to the three applied load steps, we will add a CFT load stepFatsu.the
FRANC3D main menu, seletbadsY Crack Face Pressure/Traction Fig2.13. Click Add in

the dialog box shown in the top left panel of Bifj4. Choos€onstant Crack Face Pressuas
shown in the top right panel of Fig.14; it is the defaulfThe Advancedbutton is not usetlere

the default is to apply the CFT as a separate load StelectNext, set thePressure valuw 1 in
the next dialog, Fi@.141 bottom left, and selediext. Note that a positive value of pressure
will tend to open the crack. The original dialog now contains one entr, g bottom right;

click Accept

File Edit Cracks | Loads Analysis Fatigue Fretting Display Advanced

Crack Face Pressure/Traction...

Show Boundary Conditions...

Figure2.13 Crack Face Pressure/Traction menu
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Crack-face tractions Select Crack Traction Type

<none defined> Crack Face Traction/Residual Stress Type

& Constant Crack Face Pressure

" 1-D Radial Residual Stress Distribution

(" 2-D Radial Residual Stress Distribution

¢ 1-D Polynomial Traction Distribution

" Surface Treatment Residual Stress Distribution

" Residual Stress Defined On a Mesh

Advanced |
Add | Edit | Delete |
Cancel | Accept | Cancel | Back | I et

Crack-Face Tractions

Traction 1; Constant_Pressure ( )

Constant Crack Preszure

Constant Crack Face Pressure

Pressure value I |

A positive value will open the crack.

Add | Edit | Deletel

Cancel Back | Next | Cancel | Accept |

Figure2.14 Crack face traction dialogs.

2.4 Step 4: StaticCrack Analysis

From the FRANC3D menu, sele&halysis Y Static Crack Analysis The first panel of the
wizard, Fig2.15, requests the file name for the FRANC3D database; call it

Cube_LoadCasdslb. SelectNext once you enter Bile Name The next panel of the wizard,

17



Fig 2.16, allows youo specify theanalysis codelf this panel does not appear, the code has

been chosen automaticallipepending on your choice, proceed to the appropriate subsection.

Static analysis

Specify an Fdb File Name
Uncracked filename "Abaqus-Cube_LOCAL" CANNOT be used (avoid spaces and special characters in the name).

<:i * I[:I Temp j Mew directory

Directories X | Files in EATemp

= C\
= D\
=) E:\
o [
& F
= G\
= Vi

File name: |Abaqus_Cube_LoadCased File type: [FRANC3D Database Files (*fdb.” FDB) =]

Cancel | <| Back | Mext [ |

Figure2.15 Static Analysis wizard first parieFile Name.

Static analysis

Analysis Code
Analysis code: * ANSYS ¢ ABAQUS ¢ NASTRAN

Figure2.16 Static Analysis wizard second pahehoose analysis code

2.4.1ABAQUS Analysis

If you chooseABAQUS, the next panel of the wizard, Fjl7a, allows you to specify the
ABAQUS analysis and output option$he Apply crack face tractionisox is checked
automatially. There is no global model.li€k Finish when readyo proceed with the

18



ABAQUS analysis. When ABAQUS is finished running, proceed to Stepou can monitor
the FRANC3D CMD window as well as the ABAQUdat and msdfiles.

Static Analysis

Abaqus Options

r Abaqus run time:

Abaqus Executable: Iabaqus.bat Browse |
Python Executable: Ipy’thon Browse |
Python script (will run before Abaqus): | Browse |
r Local model output:
Edit Defaults |
r Global model:

[~ Connectto global model filename: |

r Boundary conditions:

[~ Apply crack face tractions [~ Define crack face contact  Coptact

r Abaqus command:

View/Edit Command | ™ write files but DO NOT run analysis

Cancel | <] Back | Finish

Figure2.17a Static Analysis wizard third panelABAQUS output options.

2.4.2 ANSYSAnalysis

If you chooseANSYS, the next panel of the wizard, Fgl7b,allows you to specify the ANSYS
analysis and outpuptions. TheApply crack face tractionsox is checked automatiba There
is no global model. K&k Finish when readyo proceed with the ANSYS analysis. When
ANSYS is done, proceed to StBpYou can monitor the FRANC3D CMD window as well as

the ANSYS.log and err files.
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ANSYS Options

AMSYS run time:

ANSYS Executable: ks\ANSVS Incw252\ansys\bintwinxG4\ANSYS5252 exe . Browse |
AMNSYS license Iansy’s 'l
Python Executable: Ipy’tnon Browse |
Python script (will run before ANSYS): I Browse |
Local model output:
Edit Defaults |
Global model:

™ Connectto global model fiename |

Boundary conditions

I Apply crack face tractions [~ Define crack face contact

Contact | T Initial strain  Define

ANSYS command.

View/Edit Command ™ Write files but DO NOT run analysis

Cancel | 4 Back | Finish I

Figure2.17b Static Analysis wizard third parieANSYS output options.

2.4.3NASTRANAnalysis

If you chaose NASTRAN, he next panel of the wizard, Fgl7c, allows you to specify the
NASTRAN analysis and outputptions. TheApply crack face tractionsoxis checked

automatielly. There is no global model.li€k Finish when readyo proceed with the
NASTRAN analysis. When NASTRAN is done, proceed to Stefou can monitor the
FRANC3D CMD window as well as the NASTRAR6 and msdfiles.
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Static analysis

NASTRAN Options
~ NASTRAN run time:
NASTRAN Executable: IS\emens‘.S\mcenterNastran_22061bin1nastran.exe Browse |
Python Executable: |p‘,rt||on Browse |
Python script {will run before NASTRAN): | Browse |
r Local model output:
Edit Defaults |
- Global model:
[ Connect to global model filename: | Browse |
- Boundary conditions:
™ Apply crack face tractions: [~ Define crack face contact: ontact
r NASTRAN command:
View/Edit Command | [~ Write files but DO NOT run analysis

cancel | q Back [ Finish

Figure 217c Static Analysis wizard third pafieNASTRAN output options.

2.5 Step 5: Compute SIFs

We now computestressntensity factorgSIFs)for this crack. If youan the analysiglirectly
from FRANC3D, then the resultd{p or .pch file is read automaticallylf you runthe analysis
on a different PC, yoshould read the results file usifigle Y Read Results

From the FRANC3D menu, seleCtacks Y Compute SIFs When the Compute SIFs dialog is
displayedFig 2.18,you can select thadvancedbutton and make suredeference
temperature is corre@tight side image in Fig.18). SelecFinish andthe SIFs Plot dialog is
displayed, Fig2.19. The initial plot shows theumof K; for all load casesYou can viewall

stress intensity factor (SIF) modes the four load cases using tAealysis Load Step

dropdownmenu. Fig2.20 shows the Kcurvesfor the four load cases.
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Note that load case 2 has a negative Rhis is the compression loatep,and we did not
includeCFCin the analysis, so the crack faces penetrate each other giving a negative crack

opening. In the nexection wewill turn onCFCand redo the analysis.

Compute SIFs

Stress Intensity Factor Computation Method

& Interaction Integral / M-Integral (most accurate)  Advanced | Advanced Parameters

{" Displacement Correlation (least accurate) W Include Thermal Terms

Reference Temperature = I 0

[ Large Rotations (small strains}

Cancel | Accept | Cancel | Accept |

Figure2.18 Compute SIFs and Advanced Parameters dialogs.

¢ Virtual Crack Closure Techique (WVCCT)

- O x

B Stress intensity factors (interaction / M-integral)

File Data Axes |

Display Analysis Load Step [sum | Sub Step |0 VI Crack Front I’w ] Crack Growth Step I'.: i

;‘“::;K;f Ki | Ky | Ky | Juint | Toste | Table | Export|

¥ Paolygons Mode I Stress Intensity Factor
¥ Text 285
¥ Mesh
™ Fronts

(reset) (d) 275
(crack)
270 F
A

Save E
By Yl
SR Lol

View options B3F

Recenter 500
z Capture image | ‘

245 L :
2
" D_{‘ Hl@ D%n 02 04 06 08 ;n

normalized distance along front

K (MPay/mm)

Figure2.19 Stress Intensity Factor dialogum of Mode | SIFs.
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Analysis Load Step [1 vl Sub Step |0 'l Crack Front I 'l Crack Growth Step |0 »|  Analysis Load Step |2 vl Sub Step I hd Crack Front |1 vl Crack Growth Step |0 |

K| | ki |ntegral] T8t | Table | Export | K| s | ki |sintegral] T-str | Table | Export |

Mode I Stress Intensity Factor Mode I Stress Intensity Factor

-11.80

12.60
-13.00
0L v b v b v b b by v b bv v b baa o 1340 1 1 1 1 1 1 1 |
0.0000 0.200 0.400 0.600 0.800 1.000 0.0000 0200 0.400 0.600 0.800 1.000
A B A B
normalized distance along front normalized distance along front

Analysis Load Step |3 ¥| sub step | ~|  Crack Front | ~|  Crack Growth Step [0 +| Analysis Load Step |4 'l Sub Step I vl Crack Front I vl Crack Growth Step |0 |

K| k| ki |sastegrail Tst | Table | Export | K| ok | ok |sntegral] Tanie | export |
Mode I Stress Intensity Factor Mode I Stress Intensity Factor
27.00
26.00
1.300 |
T 25.00 o
24.00
23.00 1 1 1 1 1 1 1 1 1100 Lo i b v b b e e e
0.0000 0.200 0.400 0.600 0.800 1.000 0.0000 0.200 0.400 0.600 0.800 1.000
A B A B
normalized distance along front normalized distance along front

Figure2.20 Stress Intensity Factor dialbdviode | SIFs for each of the 4 load cases.

2.6 Step 6: Rerun static crack analysis withCrack FaceContact

We now rerun the analysis withack face contact (CFCFrom the FRANC3D menu, select
Analysis Y Static Crack Analysis The first panel of the wiza@eeFig 2.15) lets usspecify
the file name forte FRANC3D database; callGube LC_CFQddh. SeleciNext once you
enter theile name The next pandkeeFig 2.16) allows you to specify the solvethis might be

set automatically Proceed to the appropriate ssction foryour solver.
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2.6.1ABAQUS Analysis

If you are usinfABAQUS, the next panel, Fig.21a, allows you to specify the ABAQUS
analysis and output options. TAgply crack face tractionlsoxis checked automatically. We

can check th®efine crack face contabbx, which will enable th€ontact button. Click tle
Contact button and the dialog shown in RA22ais displayed. In practice, you must make sure

that these parameters do not conflict with any ABAQUS data already in the model. We are

creating a new surface interaction, so we must enter tfecsunteraction name (cfsiin Fig
2.223). The coefficient of friction is 0.5; the other parameters are left atdeéult values.
Click Accept, and then clickFinish in the previous panel (see RA1a) when readyo proceed

with the ABAQUS analysis.

Static Analysis

Abaqus Options

Abaqus run time:

Abagus Executable: |abaqus_bat Browse
Python Executable: |p5.1hgn Browse
Python script (will run before Abagus): | Browse
Local model output:

Edit Defaults
Global model:

[T Connectto global model  filename:

Boundary conditions:

| Contact

Abagqus command:

View/Edit Command ™ Write files but DO MOT run analysis

Cancel | ¢ Back |

Figure2.21a Static Analysis wizard third panelABAQUS output options.
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ABAQUS Crack Face Contact Parameters

ABAQUS Contact Parameters
Use:  general contact & surface to surface ¢ node to surface ¢ self contact

Surface interaction: * Mew

Surface interaction name: ||;fc;_5i

Surface behavior: © penalty=linear & pressure-overclosure=hard

Friction coefficient; q

[~ Small sliding:

[ Tied contact:

Adjust: 0.1

[~ Turn on Migeom:

Cancel Accept

Figure2.22a ABAQUS contact options.

2.6.2 ANSYS Analysis

If you are usingANSYS, the next panel, Fig.21b, allows you to specify the ANSYS analysis
and output options. Th&pply crack face tractionisox is checked automatically. We can check

the Define crack face contabbx, which enables th@ontact button. Click tle Contact button

and the dialog shown in F&22b is displayed. In practice, you must make sure that these
parameters do not conflict with ANSYS data already in the model. We can leave all the defaults
except we set the coefficient of friction to be 0.5. Chdceptand then clickinish in the

previous paneglseeFig 2.21b) when readyto proceed with the ANSYS analysis.
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Static analysis

pSWMEYS Incw252\ansys\binwinxG4ANSYS252 exe

ANSYS Crack Face Contact Parameters

Figure2.22b ANSY'S contact options.
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2.6.3 NASTRANAnNalysis

If you are usingNASTRAN, the next panel, Fig.21c, allows us to specify the NASTRAN

analysis and output options. TAgply crack face tractionlsoxis checked automatically. We

need to check thBefine crack face contabbx, which will enable th€ontact button. Click

the Contact button and the dialog shown in R222c is displayed. In general, you will need to

make sure that these parameters do not conflict with any NASTRAN data already in the model.

We leave all the defaultaluesexcept for the coefficient ofifition, which is set to 0.5. Click

Acceptand then clickFinish in the previous panesé€eFig 2.21c)when readyo proceed with

the NASTRAN analysis.

Static analysis

NASTRAN Options
- NASTRAN run time:
NASTRAN Executable: ISiemens‘.SimcenterNastran_22061bin1nastran.exe Browse |
Python Executable: Ipy'thon Browse |
Python script {will run before NASTRAN): | Browse |
r Local model output:
Edit Defaults |
r Global model:
I” Connect to global model filename: | Browse |
- Boundary conditions:

IV Apply crack face tractions: ¥ Define crack face contact: Contact

r NASTRAN command:

ViewlEdit Command | ™ Write files but DO NOT run analysis

Cancel

q Back |[ Finish |

Figure2.21c Static Analysis wizard third paieNASTRAN output options.
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MASTRAN Crack Face Contact

MNASTRAN Crack Face Contact Parameters

Contact set id: |—1

Main crack surface id: |—1
Mate crack surface id: |—2
Friction coeficient [ §
Minsearchdist [ 0

Max search dist: 0.01
Dffset distance: I 0

Figure2.22c NASTRAN contact options.

2.7 Step 7: Compute SIFswith Crack Face Contact

Oncethe analysiss finished, wecompute the stress intensity factors. If yaudirectly from
FRANC3D, then the model already exists and the resdtsdr .pch) file will be read
automatically. From the FRANC3D menu, seléciacks Y Compute SIFs When the
Compute SIFs dialog is displaydelg 2.23, select theAdvancedbutton and make sure that the
IncludeApplied Crack TractiorandInclude Contact Crack Pressurexes are checkedelect
Finish to displaythe SIFs Plot dialog, Fig.24. The initial plot shows the sum ofj or all load

cases.
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Compute SIFs

Stress Intensity Factor Computation Method

Advanced Parameters

¢ Displacement Correlation (least accurate)

¢ Virtual Crack Closure Techigue (VCCT)

{* Interaction Integral / M-Integral (most accurate) dvanced |

¥ Include Thermal Terms

Reference Temperature = I 0

¥ Include Applied Crack Traction

¥ Include Contact Crack Pressure

¥ Plot Stress Intensity Factors

| [~ Large Rotations

Cancel |

Finish |

Accept |

Figure2.23 Compute SIFs and Advanced Parameters dialogs.

B Stress intensity factors (interaction / M-integral)

File Data Axes

[}

ey

Display
™ Markers
¥ Vectors

Analysis Load Step |sum | Sub Step VI

Crack Front |1 VI

K | Ky | Ky | Jeint | Tostr | Table | Export]

Crack Growth Step VI

¥ Polygons
V¥ Text

¥ Mesh

™ Fronts

(reset) (d)
(crack)

Save ﬂ
Bl L=l
DEED
View options |

Recenter |
Capture \magel
L7 || By

Mode I Stress Intensity Factor

413

408 |

389 F

us
=)
[

Ky (MPay/mm)

=3
i
T

s
i
a

00 06

normalized distance along front

Figure2.24 Stress Intensity Factor dialbgum of Mode | SIFs.

Fig 2.25 shows the Kalues for the second load case. Note that the value is close to 0.0. To
verify that the SIF results from the-Mtegral are reasonable, we compare them to the
In the Compute SIFs dialog, cliosgkcement Correlation

displacement correlation SIFs.
Fig 2.26. The Mode | SIFs for load case 2 are shown in Fig 2.27. The results are comparable to

those for Mintegral, not exactly 0.0 but close. You can try different mesh refinement and/or

different contact options to improve the results, to get M&IEd closer to zero.
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0 - Crack Front |1 VI Crack Growth Step IEZI VI

K|k kil | Hntegral] Tstr | Table | Export |
Mode I Stress Intensity Factor
0430
0.420
0410
4
0.400 H
0.390 |
psgo o 1 T TMYPMTWVVANVMY, .
0.0000 0.200 0.400 0.600 0.300 L.000
A B
normalized distance along front

Figure2.25 Stress Intensity Factor dialbgvi-integral Mode | SIFs for the second load case.

Compute SIFs

Stress Intensity Factor Computation Method

" Interaction Integral / M-Integral (most accurate)  ~dvanced

& Displacement Correlation (least accurate) Advanced

" Virtual Crack Closure Techigue (VCCT) Advanced

¥ Plat Stress Intensity Factors ‘

Cancel | < Back | Finish |

Figure2.26 Compute SIFs dialog using Displacement Correlation.
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Analysis Load Step |2 ¥| Sub Step Crack Front Crack Growth Step

K| ki | ki | Table | Export]

Mode I Stress Intensity Factor
0342

0343 L

0344 L

0345 4

K

-0.346

-0.347

-0.348

IR R 1 S R R S R
0.0000 0200 0.400 0.600 0.800 1.000

A B
normalized distance along front

Figure2.27 Stress Intensity Factor dialbdpisplacement Correlation Mode | SIFs for second
load case

2.8 Step8: Apply Surface Treatment Residual Stress

To simulate residual stress due to a surface treatment, such-peshiolg, FRANC3D allows
you to define a-D stress profile as a function of distance frasurface We demonstrate this

usingthe cubemodel withonly one farfield tension load stesame model atsitorial #1).

Start with theFRANC3D GUI (seeFig 2.1) and selecFile Y Import . In thedialog(see Fig
2.2), choos&€€Complete Model Switchthe Mesh File Typeadio button (see Fig.3) to the

appropriate FE typeSdlect thea p p r o pubd fiet, and thenalectNext. Retain all the

boundary condition surfaces (see R2géi 2.6). The model will appear as in Rg/.

Insert the same crack from file as before (see E@s 2.12). At this stage, we could do a static
analysis to verify that the model is correct and compute the SIFs for thielddoading only;
the Mode | SIF should be the same as shown in the top left panel22BigWe leave this as

an exercise for the reader. The next step is to define the strdatment residual stress.
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From the FRANC3D main menu, seléctads Y Crack Face Pressure/Traction Fig 2.28.

Click onAdd in the dialog box shown in the left panel of Ri@9. Choos&urface Treatment

Residual Stresss show in the right panel of Fi@.29, and seledtlext. The dialog shown in

Fig 2.30 is displayed. We u$tead From Fileto import the residual stress distribution from a
Axtfile.

Using the Open File dialog shown in @1, select the filsurf_treat_res.txtand then select
Accept The distribution is read and displayed in the dialog2B3g. SelecNexton this dialog
panel to choose the surface of the model that is treated. The dialog show@.B8Figpears

with all surfaces shown as blue; use the Shift key and the left mouse button to select the front
surface (+z face) of the model. Once selected, the surface is colored red/pinkN&dlaod

the original Add Tractin dialog is displayed with one entry, Ag4; selecAccept

File Edit Cracks | Loads Analysis Fatigue Fretting Display Advanced
Crack Face Pressure/Traction...

Figure2.28 Loadsi Crack Face Pressure/Tractioenu item selected.

Crack-face tractions

<none defined:=

Select Crack Traction Type

Crack Face Traction/Residual Stress Type
(" Constant Crack Face Pressure

{" 1-D Radial Residual Stress Distribution
(" 2-D Radial Residual Stress Distribution

* Surface Treatment Residual Stress Distribution:
" Residual Stress Defined On a Mesh

Add | Edit | Delete | Advanced |
Cancel | Accept | Cancel | Bac | Mext

Figure2.29 Crack Face Tractiowizard panels; surface treatment selected.

32



-
Surface Treatment Residual Stress

Curve Points

MNumber of points: 2

distance | stress

1

Read From File| Save ToFile |

™ Read Only

stress

1.000

Surface Treatment Residual Stress

0.0000 L

-1.000

-1.000

0.0000
distance

Cancel |

Back |

Figure2.30 Surface treatment residual stress panel

Open File

aE & I[:I Abagus

Directories

Files in E:\Temp\Abaqus

= CA
= DA
= EN
=3 Temp
o [
& F
=) G
=2 VA

@.

[ Abaqus-Cube_RETAINED txt

[] Abaqus-Cube RS SURF 0.txt

File name: Isurfjreatires.txt

File type: ITE)d Files (" txt,” TXT)

|

Cancel

Accept |

Figure2.31 Select file for surface treatment residual stress.
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[ Surface Treatment Residual Stress )
Curve Foints Surface Treatment Residual Stress
Mumber of points: I 13 0.0000
distance | stress F
| 1] 0 -1
| 2 | 0.000523 -80.6584 200
3 0.001027 65 3 '
| 4| 0.001459 -47.7366 |
| 5 | 0.002198 -28.4 =000 |
| 6 | 0.002721 2346 @ g
| 7| 0.003333 1893 | | #
| 8 | 0.004108 -11.5226 -60.00
| 9| 0.004937 -10.6996
10| 0.006 -8.64
| 11] 0.007 4 -80.00 I
| 12| 0.01 7
| 13| 0.1 -3 -
Read FromFile Save To File R 17.) SV U T U EUUTN PURN SUUUN PN TUUTN SUURE S R |
0.0000 0.020 0.040 0.060 0.080 0.100
¥ Read Only distance I
|
cancel |  Back |[ mew |||

Figure2.32 Surface treatment residual stress paredidual stress distribution displayed.

Select Treatment Surfaces

Select Treatment Surfaces

Selectall Display Select all Display
Unselect all ,’;r:;:;ss 4””59‘“1 gl l';:l":lc’:r:
¥ Palygons ¥ Palygons
[ Text S — I Text
l e == ™ Mesh S == i
o . < esh
{i}'ﬁ‘%ﬁ o e e |
‘\‘l e e |||| o
W‘....““'-‘ (reset) (d) w‘....‘““‘-“i.. (reset) (d)
i =0 N 0
) e
““.}.‘\H. - Save | Read “‘“H}.HH= Save  Read
“g BRDE M\ ClEL=
5 SEBHe
\ e N
Show node sets y \ MI Show node sets u \ m‘
Show surf sets FX ﬂl Show surfsets k/x ~ ﬂl
. z Capture image T S LR z Capture image
Read retained file L_‘_gl Hl@l L_‘_g e @
Shift+Click to select surfaces Cancel | Back | Next Cancel | Back | Next

Figure2.33 Surface treatment residual stress panel to select the treated surface.

w
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Crack-Face Tractions

Traction 1: Surface_Treatment( )

........ p'dd‘l =it | Delete |

Cancel | Accept |

Figure2.34 Crack Face Tractiowizard panel surface treatment added.

From the FRANC3D menu, seleghalysis Y Static Crack Analysis Specify the file name for
the FRANC3D database; we calldtibe_surf_treatdb; selectNext once you entethefile

name The next pandkee Fig 2.16allows you to specify the solverhoosehe appropriate
solver(it might be selected automaticallyhhefinal panel(see Fig 2.17allows you to specify
the analysis and output optiofs the chosen solveiSelectFinish when readyo proceed with
theanalysis.

Whenthe analysiss finished, fom the FRANC3D menu, seleCtacks Y Compute SIFs

When the Compute SIFs dialog is dilyedselectFinish andthe SIFs Plot dialog is displayed,

Fig 2.35. The initial plot shows the sum ofi kor both load cases. The lower two panels of Fig

2.35 show the Kvalues for the first and second load cases separately. The values for the first
load case are the same as previously computed. The second load case produces a negative SIF

indicating that this residual stress tenal&éep the crack from opening.
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B ' Stress intensity factors (interaction / M-integral)

File Data Axes

]

X

]

i

(reset)
(crack)

Display

[ Markers
v Vectors
¥ Polygons
V¥ Text

[~ Mesh

[~ Fronts

Save | Read
ks a5
L s

View options |
Recenter |
Capture \magel

Ll ||

Analysis Load Step |sum vl SubStep |0 *|  CrackFront |1+

K | Ky | Ky | Lint | Tostr | Table | Export]|

Crack Growth Step |0 7|

Mode I Stress Intensity Factor
120
1o
00 F
9.0
80 1 1 1 1
0.0 02 04 0.6 08 10
A B
normalized distance along front

Crack Front |1 =

Analysis Load Step (1 #| Sub Step I'l =

K | Ky | Ky | Jeint | Tostr | Table | Bxport]

Crack Growth Step |0 VI

Analysis Load Step |2 vl SubStep |0 *|  CrackFront |1 |

Ki | Ky | Ky | deint | Toste | Table | Export]|

Crack Growth Step |0 +

Mode I Stress Intensity Factor

133

normalized distance along front

Mode I Stress Intensity Factor

0.6

normalized distance along front

Figure2.35 Mode | SIF plots showing the sum (top) and the individual load case values; surface

treatment load case produces a negative SIF (bottom right).

2.9 Step 2 Apply Tractions from Mesh-Based Stress

The nmeshbasedstress option providake most flexibility for definingCFT. We demonstrate
this optionusingthe simple cube model witbnly one farfield tension load step (same model as

tutorial #1).
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2.9.1 Uncracked Model Stress

The uncracked s t rmodelswil typically be the same as the model that we use for crack
growth simulations. If it is different, it must capture the stessgere the crack is locatedn
addition to the FE specific results files described in the subsections bettipfike .can also be

used to store the nodal stresses.

2.91.1 ANSYS MeskStress

To createANSY S meshbased stresses, we start whie tube model and defineraryingfar-
field stress on the top surface of the cube,Z=3@§. This creates a stress field that varies in the x

direction, Fig2.37.

FRANC3Dcan readhe ANSYS stress listing, F§38. In ANSYSturn off PowerGraphics,

change the format for the listinighneededusing thedformabcommand), create the nodal stress
component |listing (using the d6prnsol, sbd comma
Ansys_Cube_surf_gradient.stfhe stress listing must be in the global Cartesian coordinate

system. We alssave the correspondinsys_Cube_ surf_gradieadbfile.
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1
ELEMENTS
U SEP 20 2015
11:20:49

NODAL SOLUTION

SEP 20 2015
11:24:16

N =—20.0001
.02873

-20.0001" -15.327 -10.6539 -5.98087 -1.30781
-17.6635 -12.9905 -8.31741 -3.64434 1.02873

Figure 237 Stress in the-glirection for the arbitrary fafield surface pressure.
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J\ PRNSOL Command

File

PRINT §

NODAL SOLUTION FER NODE

sesxenn POST1 NODAL STRESS LISTING sesesses

LOAD STEP= 1
T

IME=

BSTEP=

8
1.86808 LOAD CRSE— a

THE FOLLOWING X.¥.Z VUALUES ARE IN GLOBAL COORDINATES

NODE £R) £Y SZ SYZ SHZ
i -a. 983153421554E 85 -8.764647788529E —A.117416517184E-084 8. 1262375?254.}3 B4 E 475511837472E 8.962585165884E
2 —4.128683% -1.39689488344 —0.327182272500,
4 a 182735894215E B4 0.141499278588 8.36444?453124
6 42810E-04 0.199498761608 - 4 0.8026457
8 76476E-03 0.322988: 554613132454E E4 — -a. 38976414
18 14906E-83 ©.945353 .2721924@6517E-03 8.5453450¢
12 B1932E-82 0.3208825 A.193323467558E-03 3 —A.1318583
14 556@9E-02 @.787520: ?. -@.159851457822E-62 - 8.7264096
16 63684E-B1 0.228059942996 4691624411 E-82 —8.6887995.
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Figure 238 Nodal stress component listing.

I

2.91.2 ABAQUS MeshStress

This section describes how to use ABAQtdSreataneshbased streges The model is created
with a varying fa#field stress on the top surface of the cullée resulting ydirection stress
contours are shown in F&)39 the stresses aoemparable tohe ANSYS stressg€seeFig

2.37).

To generate dil file from ABAQUS, add the following lines to thénp file just before the
A* End

** gutput displacements and stress to fil results file
*File Format, ASCII

*Node File, Frequency=1

U

*El File, position=averaged at nodes, Frequency=1
S

Stepo:
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Then submit the ABAQUS job for analysis. Note that if you use ABAQUS CAE, you can add
these lines using the ABAQUS CAE menu, undiedel andEdit Keywords.

An additional change should be made in ABAQUS CAE to flattenripdile ; remo\e *Part,
*Instance and *Assembly data:

>>> mdb.models['Abaqus_Cube"].setValues(noPartsinputFile=ON)
This eliminates any confusion with node and element numbering. This shaldddggior to

running the analysis.

Instead of using thdil. file, you can write the stress data to file from ABAQUS CAE.
Using theReport menu in CAE, choosEield Output. The dialog in Fi@.40is displayed;
selectStress componengnd clickOK. This assumes that you requested stress as a field output,

which you do before submitting the analysis. We requieisfue nodastress values in the
report. By default, ABAQUS CAE saves the datalbaqus.rptyou can change this using the
Setuptab or just remember to rename ti#;.we useAbaqus_Cube_surf_gradient.rfthis

name is used for thenp and fil files also).

Figure 239 ABAQUS stress in ydirection.
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2= Report Field Output

Step/Frame
Step: 1, STEP-1

Frame: 1 |Step/Frame...
Variable | Setup

Output Variables

Position: | Unique Modal E|

Click checkboxes or edit the identifiers shown next to Edit below.

[7] AC YIELD: Active yield flag
p [ CF: Point loads

w

[T] E: Strain components
p [] PE: Plastic strain components
[] PEEQ: Equivalent plastic strain
[ PEMAG: Magnitude of plastic strain
b [] RF: Reaction force
5: Stress components
P[] U: Spatial displacement

b

Edit: |5

Section point:

[ 0K ] [ Apply ] ’D‘efaults] ’ Cancel ]

Figure 2.40ABAQUS report field output dialog.

2.91.3 NASTRAN MeshkStress

If you use NASTRAN to create the stresFRANC3D readshdf (or .nag files along with pch
files with the nodal stress data.

2.9.2Apply MeshBased Stress as Crack Face Traction

Start with theFRANC3D GUI (see Fig2.1) and selecFile Y Import . In thedialog(see Fig2.2),
chooseComplete Model Switchthe Mesh File Typeadio button(see Fig2.3) to the

appropriate FE inputSelectthea p p r o mub® a f aind tien slectNext. As before, retain
all the boundary condition surfaces (see Rigs 2.6). The modeWill appear ain Fig2.7.
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Insert the same crack from file as before (see E@s 2.12). At this stage, we could do a static
analysis to verify that the model is correct and compute the SIFs for thelddoading only;
the Mode | SIF should be the samenasshown in the top left panel of F&j20. We leave this

as an exercise for the reader. The next step is to define thebameesth crack surface traction.

From the FRANC3D main menu, seléctads Y Crack Face Pressure/Traction Fig2.41
Click onAdd in the dialog box shown in the left panel of Rig2. ChooseRresidual Stress

Defined on a Meshas show in the right panel of Fig.42, and selecNext. The dialog shown

on the left side of Fig.43 is displayed. We select the files for the mesh and the stress listing.
There is only one load step in the stress listiBglectFinish; the original Add Traction dialog

is displayed with one entry, FJ43 1 right side; selecAccept

File Edit Cracks | Loads Analysis Fatigue Fretting Display Advanced
ace Pressure/Traction...

Figure2.41 Loadsi Crack Face Pressure/Tractiowenu item selected.

Crack-face tractions

<none defined:=

Select Crack Traction Type

Crack Face Traction/Residual Stress Type

" Constant Crack Face Pressure

¢ 1-D Radial Residual Stress Distribution

" 2-D Radial Residual Stress Distribution

" Surface Treatment Residual Stress Distribution
& Residual Stress Defined On a Mesh:

Add | Edit | Delete | Advanced |
Cancel | Accept | Cancel | Bac | Next

Figure2.42 Crack Face Tractiowizard panelsResidualStressDefined on aMlesh selected.
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Crack-face tractions

Edit Crack Face Tractions

Traction 1: External_Distribution | )
Analysis code:

& ANSYS  ABAQUS ¢ NASTRAM

Mesh Based Stress Distribution

Mesh filename: IAnsys_Cube_surf_gradient.cdb Browse |
Stress filename: IAnsys_Cube_surf_gradient.str Browse |

External load step: I 1
External substep: I -1
Stress scaling: I 1

External substep of -1 means the final substep Add | Edit | Delete |

Cancel | Back | Finish I Cancel | Accept |

Figure2.43 Crack Face Tractiowizard panels for residual stress defined on a mesh.

Note that we chose to apply ANSYS mdmsed stresshe ANSYS stressan be applied tthe
ABAQUS, ANSYS or NASTRAN crack model.

From the FRANC3D menu, sele&halysis Y Static Crack Analysis SelectNext once you
enterthe fle name The nextwo panes of the wizardallow you to sgcify the appropriate
solver along witltherelated analysis and output options (see Figs-27)6 Click Finish when

readyto proceed with the analysis.

Oncethe analysiss finished, fom the FRANC3D menu, seleCtacks Y Compute SIFs

When the Compute SIFs dialog is displayezklectFinish andthe SIFs Plot dialog is displayed,

Fig 2.44. The initial plot shows the sum ofi kor both load cases. The lower two panels of Fig

2.44 show the Kvalues for the first and second load cases separatelySIFHer thefirst load

case is the same as previously computed. The second load case produces a negative SIF with a
gradient due to themesh base@FTs.
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B Stress intensity factors (interaction / M-integral) — O *

File Data Ates |

Display Analysis Load Step |sum «| Sub Step vl Crack Front |1 vl Crack Growth Step vl

™ Markers g
T K | Ky | Ky | deint | Teste | Table | Export]

¥ Polygons Mode I Stress Intensity Factor
¥ Text 20
[~ Mesh
™ Fronts

(reset) Lor
(crack)
f

Save | Read
ks a5
L)

View options |

Recenter

=z Capture \magel
=20
2
LX L_'“\ H @ 0.0 02 04 0.6 08 Lo

normalized distance along front

K, (MPaymm)

Analysis Load Step |1 = SubSlepl' 'l CrackFront |1 =|  Crack Growth Step |0 ¥| Analysis Load Step |2 | SubStep .vI Crack Front |1 =  Crack Growth Step |0 |

K | ki | km | Jntegral] Tanle | Export | K| ki | okm |ointegral] Table | Ewort |

Mode I Stress Intensity Factor Mode I Stress Intensity Factor

-1100

]
BEX S
-l400 L
11.60 1 1 1 1 1 1 I 1 -15.00 1 1 1 1 1 1 1
0.0000 0.200 0.400 0.600 0.800 1.000 0.0000 0.200 0.400 0.600 0.800 1.000
A B A B
normalized distance along front normalized distance along front

Figure2.44 Mode | SIF plots showing the sum (top) and the individual load case values;
themeshbasedstress load case produces a negative SIF (bottom right).

2.10 Step 10: Apply Tractions and Temperature from Mesh

The meskbasedstressCFT option allowsone to includeéemperature. We demonstrate using the
simple cube model with only one f&eld tension load step (same model as tutétiy The

only change to thbasemodel is the addition dEmperaturalependenmaterial properties; these
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will be described later. The stress and temperature for the CFT load steps will be defined next
using the ABAQUS cube model.

2.10.1 Uncracked ABAQUS Cube Stress and Temperature

We start with the ABAQUS model from Secti@rd.1.2 The model did not include temperature
or temperature dependent material properti&s,we modify the model to include a reference
temperature of O degrees, using:

*nitial Conditions, type=TEMPERATURE
all_nodes, 0.0

Load step #1 has a surface pressure with a gradient indinection and we add a simple
temperature boundary condition to this load steing:

*TEMPERATURE, OP=NEW
all_nodes, 1.000000000e+03

Next, we add a second load step, which has uniform unit tension on the top surface and a
temperature of:

*TEMPERATURE, OP=NEW
all_nodes, 1.000000000e+02

The material properties are modified to be:

*Material, name=MATERIAL

*ELASTIC, TYPE=ISOTROPIC

1.00000000e+04, 3.000000004, 0.00000000e+00
9.00000000e+03, 2.900000004, 1.00000000e+03
*EXPANSION

3.00000000€07, 0.00000000e+00
3.00000000€07, 1.00000000e+03

The ABAQUS analysis of this model produstsesstemperature and displacement results
shown in Figs 2.42.50. These results can be exported from ABAQUS GaEwvo .rpt files or
saved ta singledtpfile. The model itself is written asanp file. The results files are

described next.
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Figure 2.47 Temperature for load step #1.

Figure 2.48 S22 (y) stress component for load step #2.
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Figure 2.49 Displacement magnitude for load step #2.

bttt

Figure 2.50 Temperature for load step #2.
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2.10.1.1 ABAQUS.rpt Files

ABAQUS CAE can be used to write the results tpafile for frame#1 o each load step, Fig
2.51. Note that we write all displacement and stress components to the file. FRANC3CD will
read therpt file; it expects alcomponents of stress and displaceméfdu can us¢he

ac_sg_wt_Isl.rpin the Tutorial #2 archivas an example

= Output Databases (1)
E(5 acsg wtodb
@ B History Output (24)
Elof Steps (2)
£ STEP-1
=% Frames (2)
Frame: 0
Frame: 1
£ STEP-2
=% Frames (2)
Frame: 0
& [ Instances (1)
@ Materials (1) 1 E
i § Sections (1) L

3¢ Report Field Output X

175 Element Sets (12) e Steps/Frames L

@55 Node Sets (5) ® Specify

L, Surface Sets (10) s Step: 2, STEP-2
1. Session Coordinate Systems P %‘ Frame: 1 off

J ODB Coordinate Systems O All sctive steps/frames |Active Steps/Frames...

£l User Data &
N Annotatins Varisble ety
- p
EH xvData i
515 Model Database (1) Output Variables
0 Spectrums (7) = Position: | Unique Nodal M
B XVPlots l'i Click checkboxes or edit the identifiers shown next to Edit below.
B xvData ==
[ Paths - P []E: Strain components
= N
=n Display Groups (1) - INT11: Nedal temperature

S Free Body Cuts
Streams

» I RF: Reaction force
P[5! Stress components
P [ U: Spatial displacement

Edit: NTITUS

Section point:

oK Apply Defaults Cancel

Figure 2.51 ABAQUS .rpfile written with temperature, displacement and stress

2.10.1.2 .dtp File

The results can also be extracted from the ABAQadB file using a Python script to create a
single dtpfile. A Python scrip{extract_stress_to_dtp.pis included withthe Tutorial #2
archive. The correspondindtp file (ac_sg_wt.dtpis also included in the archive. Thipfile

contains results for temperature, displacement, and stress for both load steps.
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2.10.2 Apply MestBasedTemperature and Stresss Crack Face Traction

For this example, we are using tiaorial #1 cube modelbutit is modified to include a
reference temperature of0@legrees and temperatedependent material properties (ggen

above).

Start with theFRANC3D GUI (see Fi@.1)and selecFile Y Import . In the dialog (see Fig 2.2),
chooseComplete Model Switchthe Mesh File Typeadio buttonn theSelect Import Mesh File

window (see Fig2.3) to the appropriate FE input typeel&ttheap pr opgubdda f ¢ | @, and
then ®lectNext. As before, retain all the boundary condition surfaces (see Fi{s26}. The
model will appear as was shown in Fig 2Remember that the base model has uniform tension

with a magnitude of 10 on the top surface.

Insert the same crack from file as before (see Figs 2.82). At this stage, we could do a static
analysis to verify that the model is correct and compute the SIFs for thelddoading only;
the Mode | SIF should be the same as was shown inpHeftganel of Fig 2.20. We leave this

as an exercise for the reader. The next step is to definestgbhasedCFT andtemperature

From the FRANC3D main menu, selécads Y Crack Face Pressure/Traction Fig 252.
Click onAdd in the dialog box shown in the left panel of Fi§2. Choosedresidual Stress

Defined on a Meshas show in the right panel of Fig 83, and selecNext. The dialog shown
on the left side of Fig 84 is displayed.Select the files for the mesh afat the stress Fig 2.54

shows thedtpfile is selected, and load step #1 in thigp file is specified. If you use thept
file, there will only be results for one load step in each file. Salektto display the dialog on
the right side of Fig 2.54ln this dialog, booseSame file as external stressesn off Allow

thermal expansigrand then sele&inish.
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File Edit Cracks | Loads Analysis Fatigue Fretting Display Advanced
ure/Traction...

Figure 252 Loadsi Crack Face Pressure/Tractiorenu item selected.

Crack-face tractions

<none defined=

Select Crack Traction Type

Crack Face Traction/Residual Stress Type
" Constant Crack Face Pressure

" 1-D Radial Residual Stress Distribution
" 2-D Radial Residual Stress Distribution

(" Surface Treatment Residual tress Distribution

& Residual Stress Defined On a Mesh:

Add || Edit [ Deete | Advanced_|
Cancel | Accept |

Cancel | Back | Mext

Figure 253 Crack Face Tractiowizard panels; residual stress defined on a mesh selected.

Set Temperature

Set Temperature
Residual Stress Distribution

" None set (default reference temperature)

Analysis code: ¢ Constant: I 0
 ANSYS & ABAQUS ¢ NASTRAN

" Current model last load step
" External mesh file:

file |

Mesh Based Stress Distribution

Mesh filename: IitressWithTemp\Ansys\ac_sg_wt.inp Browse |
Stress filename: {

ltressWithTemp‘uﬁmsys‘tac_sg_wt_dtp
External load step: I 1 load step I -1
External substep: I -1

& Same file as external stresses:
Stress scaling: I 1

I Allow thermal expansion:

External substep of -1 means the final substep

Cancel | Back |[ Next Cancel | Back | Finish I

Figure 254 Crack Face Tractiowizard panels for residual stress defined on a mesh.
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The originalCFT dialog is displayed with one entry, Fig 2.55. Click onAldel button again to
add the second CFT load stefelect theResidual Stress Defined on a Megjain andelect the
same ABAQUSinp file and the samaltpfile. This time, however, set the external load step as
2 (right panel of Fig 2.55) The temperature settings foetstecond CFT load step are the same

as the first. The final CFT dialog will show two entries when you are done, Fig 2.56.

Crack-face tractions

Residual Stress Distribution

Traction 1: External_Distribution { )
Analysis code:

" ANSYS & ABAQUS ¢ NASTRAN

Mesh Based Stress Distribution

Mesh filename: |ressWithTemp\.&baqus‘mac_sg_m_inp Browse
Stress filename: i‘essWithTemp‘uAbaqus‘Lau:_sg_m.dtp Browse

External load step:
External substep: -1
Stress scaling: 1

‘ | External substep of -1 means the final substep

Cancel Accept Cancel | Back | Mext |

Figure 2.55Crack Face Tractiowizard panel$or adding the second CFT

(b,

Crack-face tractions

Traction 1: External_Distribution { )
Traction 2: External_Distribution { )

| |
Cancel Accept

Figure 2.56Crack Face Tractiodialog with two entries.
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Note that we chose to apphBAQUS meskbased stresand temperaturehe ABAQUS stress
can be applied tthe ABAQUS, ANSYS or NASTRAN crack model.

From the FRANC3D menu, sele&halysis Y Static Crack Analysis SeleciNext once you
enter theife name The next two panels of the wizard allow you to specify the appropriate
solver along with the related analysis and output options (see Fig&2.1€lickFinish when

readyto proceed with the analysis.

Once the analysis is finishedpi the FRANC3D menu, seleCtacks Y Compute SIFs The
initial plot shows the sum of Kor the thredoad casesFig 2.57

You canalsoverify that the ABAQUS resultsavethe correct temperature for each load step
using ABAQUS CAE.CFTs with temperature settings are part of Tutoriahi$4 ancare
di scussed in Section 12 of the Useros Gui de.

— O x

B Stress intensity factors (interaction / M-integral)

File Data Axes |

Display Analysis Load Step sumlfﬁf Sub Step |0 *| Crack Front I | Crack Growth Step II =
¥ Markers
K K K t | T-str | Table | Export
¥ Vectors ! I u | 2 I A | Export]
¥ Polygons 3 Mode [ Stress Intensity Factor
F Text 20 sum
™ Mesh
I” Fronts
(reset) 1o
(crack) ‘E
A >
&) o 00
Save | Read 2_
etBal | .-
53
Bw®s| | | |
View options |
Recenter |
z
Capture image 20 I | I I
. 0.0 02 04 0.6 08 1o
L_‘,(‘ |'_'| @ A B
normalized distance along front

Figure 257 Mode | SIF plots showing the suoh the SIFs for the three load steps.
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3.0 Tutorial 3: Two Cubes Glued Together

In Tutorial 3, we use two cubes that are tied together to illustrate how to simulate crack growth

in models where there is contact or constragtween parts of the model.
3.1 Stepl: Create theFE Model

We use the same initial cube geometry and boundary conditions from téfiosiadl add a

second adjacent culieig 3.1, with slightly different material properties. The second cube has

an elastic modulus of 20,000, which is double that of the first cube; the Poisson ratio is the same.
The second cube is constrained in thdingction and has a surface traction (negagiressure)

of 10 on the upper surface, which is the same as the first cube.
3.1.1 ABAQUS Model
For ABAQUS, ve definea *Tie constraint between the two cubeBhe rightside image of Fig

3.1ashows the condinedsurfa@. The constraint settings are showfim3.2a. The
ABAQUS file is exported asloublecube_laaqusinp.

Figure3.1la ABAQUS double cube model with constraint surface between the cubes.
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Edit Constrain ul

MName COMNSTRAIMT-1-1
Type: Tie
' Master surface: Cube-1 Interface [:‘;

ps

ﬂSIavesurface: Cube-2 Interface [}

Discretization method: | Analysis default E|

[ Exclude shell element thickness
Position Tolerance

@ Use computed default
() Specify distance:

Mote: Modes on the slave surface that are
considered to be outside the position
tolerance will NOT be tied.

Adjust slave surface initial position
Tie rotational DOFs if applicable

Figure3.2a ABAQUS tie constraint dialog.

You could also use contact instead of constraint. The surfaces will be the same. Theaontact

be defined as tiedontact so the surfaces remain glued together.

3.1.2 ANSYS Model
For ANSYS, ve define contact between the two cubes. [dherimage of Fig3.1b shows the

contact elements. The anadlysiss alwaysbonded contacFig 3.2b. The ANSYS file is

exported asloublecube_ansys.cdb
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Figure3.1b ANSYS double cube model with contact surface between the cubes.
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Pilot Node |Pilot Name
Bonded (always) Flexible Surface-to-Surface Nao pilot

Figure3.2b ANSYS contact wizard, with alwaysonded contact selected.

3.1.3 NASTRAN Model

For NASTRAN, we define contact between the two cyliég 3.1¢c The analyis uss bonded
contact, Fig8.2c. The NASTRAN file is saved aoublecubenastrannas Note that tle

NASTRAN model was meshed with tetrahedral elements rather than brick elements.

Figure3.1c NASTRAN double cube model with contact surface between the cubes.
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Contact Data
MName: Surface Contact 1 Contact Type:
ID: 1 Penetration Type:
. _ Unsymmetric Co
() Auto (@ Manual
stiffness Factor:
Type:
Ype 1
Surface to Surface ~
Coeffident of Friction:
Master Entity: 0
face<1>@Part2:1
Penetration Surface Offset (in):
0
Max Activation Distance {in)
e
Slave Entity:
face<3>@Partl:l Adv Opti
Lo ]

Figure3.2c NASTRAN contact surface with bonded contact selected.

3.2 Step2: Import FE Model into FRANC3D

Import theFE modd into FRANC3Das a full modellocal+global cases are examined later in
Section 3.8

Step2.1: Importing FE Model
Start with theFRANC3D GUI and selecFile Y Import . In theSelect Type of Impomanel,

chooseComplete Modebnd selecNext. Switchthe Mesh File Typeadio buttorto the
appropriate FE typand selecttha p p r o mloublecub& fFigl3& SelectNext.
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Select Type of Import

Model Import Type

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

¢ Import an already divided model.

Cancel |

Mesh File Type

C ANSYS & ABAQUS C NASTRAN

Mesh File

A @ |20 deube_constraint -

X | [Files in C:ATempiCubes_gluedwbaqusidcube_constraint

# 1 cygwing4
# (1 PerfLogs

@1 Program Files
# 1 Program Files (x86)

Directories
= = ) [

] Autodesk [] deube_constraintinp

# ] bruce [ deube_constraint_GLOBAL inp

D deube_constraint_LOCAL inp
double_cube_constraintinp;
[ testinp

[ test_fullinp
Miaet cuntinn

Figure 33 FRANC3D FE model impoit ABAQUS file selected

The Select Retained Surfaces dialog is displayed3.Big The surfaces with boundary
conditions and the contact surfaeee highlighted in blue. ChooSelect Allto retain all the

surfacesthis includes the constrdinontact surfaces between the culSsdectNext and set the

units; useSl units of mm and MPa.

Select Retained BC Surfaces

Selectall
Unselect all

Show node sets
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Show surfaces
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v Text
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I~ Fronts

(reset) (d)
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View options
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Show surf sets
Show surfaces
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¥ Vectors
¥ Palygons
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(reset) (d)

Save | Read |
eata
DEE®

View options

Recenter

Capture image

Read retained file Dngl@j Read retained file | E‘,g e @
Shift+Click to select surfaces Cancel | Back | Next Shift+Click to select surfaces Cancel Back | Next

Figure3.4 FRANC3D select retained surfaces.

3.3 Step3: Insert a Crack

Insert a surface penny crack with radius of 1.0 in the second culi®5Fighe template mesh

radius is éft at the default value of Q.IThe resulting remeshed model is shown inFg the

contact surface mesh facets between the two cubes are retained.
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Note that the contact surface mesh does not have to be retained, and if the crack is located such
that the contact surface must be remeshed, we must not retain it. Here we retain it for simplicity

and demonstration. We show what happens if we do nat reta Section3.7.

Flaw insertion

Flaw translation Display
global local :: laime
v Vectors
5 I 15 = I 0 ¥ Palygons
Y: I 5 || ¥ I 0 ¥ Text
7 7 ™ Mesh
I ° ] I g ™ Fronts
Flaw rotations
1st Rotation r é.r.z.l.ck Axes
Axls G X Oy Z @ Clobal resen (@)
Angle (deg) 90 Local
2nd Rotation
MS X @Y CZ G Global S | e
o haBa
Angle (deg) 0 ¢ Local
@ @ B
3rd Rotation View options
A C XY & Z ¢ Global Recenter
Angle (deg) I 0 Local Capture image
= Hl@

Redefine Local Axes | Reset |

Cancel | <| Back | Next [»

Figure3.5 FRANC3D new crack insertion panel showing location and orientation.

Figure 3.6 Remeshed cracked model, with contact surface mesh facets retained.
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3.4 Step4. Static Crack Analysis

Run a static analysisFrom the FRANC3DAnalysis menu, selecBtatic Crack Analysis. Set
the file namewe useconstraint cubes_crackdb. Select theppropriatesolver; allthe default
settings are used.

3.4.1 ABAQUS

The inp file written by FRANC3D includes ABAQUS commands to regenerate the tigtreint
between the two cubes.

3.4.2 ANSYS

The cdbfile written by FRANC3D includes ANSYS commands to regenerate the always

bonded contact between the two cubes.

3.4.2 NASTRAN

The bdffile written by FRANC3D includes NASTRAN data to regenerateglbbedcontact

between the two cubes.

3.5 Step5: Compute SIFs

The resulting Mode | SiBlot is shown in FigB.7; the curve issymmetric, andthevalues are

slightly higher than for the base model.
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Figure3.7 Mode | SIFs for double_cube with contaohstraintoetween cubes.

3.6 Plot Deformed Shape

We can plot the deformed shape in FRANC3D. FronDisplay menu selecYiew Response
Fig 3.8. Fig3.9 shows that the displacement is not uniform; the first cube deforms about twice
as much as the second, which is expected as it has a lower elastic modulus. The tie ¢onstraint

bonded contact)etween the two cubes is maintained.

File Edit Cracks Loads Analysis Fatigue | Display Advanced
View Response. .

Create Animation...

Figure3.8 FRANC3D View Response menu option.
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B ' Response
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Figure3.9 Deformed shapie200x magnification.

3.7 Contact surface mesh noRetained

If we choosenot toretain the mesh on the constré&ontactsurface when importing the FE
model intoFRANC3D, wemustmanually select the top and bottom cube surfaces, d3elset

All and therunselect the contact surfaces, Bitj0; note that both sides of the interfacest be
unselected Unselect/select is done using the Shift key with the left mouse button. Note that
you mustuse theClipping tool (see Section 2 of the Reference documengee inside the

modelor use saved camera positions.

Insert the samerack as in Step §Section 3.3)into the second culkend run the static crack
analysis The resulting surface medfig 3.11, has a remeshdae/contact surface. The resuljin

Mode I SIFs, Fig3.12, are practically theame as computed previously (seeJFi).
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Select Retained BC Surfaces
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Figure 310 Import FE double_cube model with constr/amttactsurface unselected.

Back

Cancel

L

Figure 311 Double_cube model with unretained constfaimtactsurface remeshed.

Shift+Click to select surfaces
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Figure 3.12 Mode | SIFs for double_cube wiimeshedontact/constraint between cubes.

3.8 Local / Global Cases

For most models, we want to do a local submodel extraction. When there is contaetrehere
choices. The simpleshoice isto extract a local model that avoids the contact so that all contact
surfaces and associated information goes with the global mateleave this cader the user

to try on their own.

Sometimest is not possibleéo avoid the contacandwe havethreechoices: 1) part afne of

the contact surfasés in the local model and the remainder is in the global, or 2) one side of the
contact surfaces in the local and the other side of the contact is in the glob8) one side of

the contact surface is in the logdilisthere is a cusurface

We use the ANSS8 doublecubemodel from above to illustrate thedeee cases
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3.8.1 Local model has part of the contact surface

In the first case, the local model inclgdeportion of one side of the contadi/e use the
FRANC3D import and divide optiowhenreadng the doublecube model.In the submodeler
tool, slect material #2-ig 3.13, andCrop. Then using th®ubberband Bgoxselect a portion of

the material #2 regiqrrig 3.14, andCrop.

This elementselection will include part of one side of the contact surfdme will be clear when

selecting the sets/surfaces to retédelectNext once you have the local portion cropped.

Define a Local Submodel
Cropping Options Display
& [ c i ¥ Markers
Retain it & One Nodeln 7 Al Nodes In gvmms
v Pol
" Relative to a principal plane FT:):QU"S
G EIN Gl I lesh
Offset 0 |[Selec
—I (reset) ()
 Plane normal and offset
nd 0 0 0
Ot [0 Baes Save | Read
. Fa BABa
" Plane from three points DEED
Foint1: | Select| ™ 2 Sefect| [ 37| Select| ™
View Options
' Rubberband Box
BT - cireular O Recenter
£ Rectangular € Circular, Defi Select by Material
' Element-by-element eiect| U ﬂl
[ Material 1 C
@ By Material Select - H @
v —I WMaterial 2 &
£ By Element Group Seled]
" Retained From File  Srowse
Cancel Accept
crop| Undo| Red Point| | |
¥ Show elems [~ Show outline
J= | Shiow beam and shell elements forreference Y
L.
Cancel | Back | Next

Figure 3.B Material #2 selected for cropping.
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Define a Local Submeodel
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€ Oci W Markers
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I Show elems I~ Show outline
r u
>7x

Cancel | Back ‘ Next

Figure 314 Part of material #2 selected for cropping.

Save the local and global files using the default file names and continue to the Select Retained
BC Surfaces dialog, Fig 8. Select th&show Node Setbutton to show the cut surface nodes

andtie/contact nodes in the respective sets, Fi§;3rlthis display thé&/ectorsandPolygonsare

turned off.

Note that for ABAQUSand NASTRAN thetie/contact surface might be under Bleow
surfacesbutton rather than th&how Node Sets
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Select Retained BC Surfaces

| Display
Markers
Unselectall | u
¥ Vectors
V¥ Polygons
¥ Text
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Capture |
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Show Surfaces |

Figure 3.5 Select Retained BC Surfaces dialog.
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I Show Mode Sets u Recenter |
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| Qﬁﬁﬁ
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Shift+Click to select surfaces Qancell Back | Mext I

Figure 3.5 Select Retained BC Surfaces diglsgowing cut surface and contact surface nodes
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Depending on the crack location, you might not want to retain the contact surface nodes. For
this example we retain theontact surface, the egtrface and the surfaces with boundary
conditions;the crack is not being inserted (or propagated) into the contact surface. F8estct
(and set the unitgind the model will be displayed in the main window, FigZ3.Thefacets on

the BC surfaces (top and bottom), as well as the facets on teartate and the facets on the

contact surface are all preserved.

Figure 3.7 Local model with retained nodes and facets.

We insert the same crack as in Section 3.3, Hif. 3The resulting remeshed crack model is
shown in Fig 3L9; we have pushed the front cutting plane into the mimdghow the crack

surface

69
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Figure 318 Surface crack inserted into local model.
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Figure 319 Surface mesh for cracked local model.
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Once the crack is inserted, we do a static crack analygjs3.20 shows the local/global
connection dialogvhen using the ANSYS FE model and solvéhe AUTO_CUT_SURF and
GLOBAL_CONNECT_SURF will be connected by merging the nodes.

The contact surfads automatically regenerated by FRANC3D using the local portion of the
contact surfacen the cracked region pluke rest of this surface and timiatingsurface poth of

which arepart ofthe global model.

The SIFs are consistent with those shown in Section 3.5. Figsh@ws the deformed shape of
the full model in ANSYS, and Fig Z&hows the Mode | SIFs.

Static Analysis

Ansys locallglobal model connection:

* Merge nodes ¢ Constraint equations ¢ Contact conditions  “opstraint | Contac

Merge tolerance: |n 0001 Local connection midsides:  retain ¢ remove

Local compenent(s) to merge/constrain:

AUTO_CUT_SURF [ contact_5_4

Global component(s) to merge/constrain:
[ CONTACT_4_4 ] CONTACT_5_4 GLOBAL_CONNECT_SURF

Additional localfglobal connections:

=none defined=

Add Connecﬁonl Delete Conmection

Ansys command:

View/Edit Command ™ write files but DO NOT run analysis

Cancel | <] Back | Finish

Figure 3.® Local/global connection panel.
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ANSYS

R19.2

Figure 3.2 Deformed shape for full model.
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Figure 3.2 Mode | SIFsfor case #1
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3.8.2 Local model has one side of the contact surface

For the second caseve do import and divide, but we stop cropping after selecting material #2
(see Fig 3.3). The entire second cube is the local model, and the entire contact surface from this

second cube is contained with the local portion.

With this selectiorcropped proceed with saving the local and global model files, and then

proceed to the Select Retained BC Surfaces dialog, R3g 3.2

There is no AUTO_CUT_SURF node set in this ca8aeside of the contact surface is included
in the contact_5_4 node set. We retain tlmdeset for simplicity. The top and bottom BC

surfaces are retained alsdhe resulting local model is shown in Fig 8.2

Select Retained BC Surfaces
Select All | Display
v
UnselectAl | e
[~ vectors
contact_5_4 ¥ Polygons
[ aiep 2 ¥ Text
[ disp_2 ™ Mesh
(reset) (d)
Save | Read
(I D)
& (@ ¥ o
View Options |
I Show MNode Sets u Recenter |
Show SurfSets k,x Capture |
Show Surfaces Z
Sy
Read Retained File |
Shift+Click to select surfaces cancel |  Back |[ meat |

Figure 3.3 Select retained BC surfaces for material #2 selection.
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Figure 3.2 Local model for material #2 selection.

We insert the same crack as beféiig 3.25; the resulting cracked meshed model is shown in

Fig 3.%.

Orient User Flaw
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e ] L5551
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Figure 3.5 Local model for material #2 selection.
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Figure 3.5 Surface mesh for cracked local model.

Once the crack is inserted and remeshed, we can proceed with the static crack analysis. The
local/global connection pantdr the ANSYS FE model and solvisrshownin Fig 3.27. In this

case, there is no cut surface. Instead, we connect the local and glob&wsiact conditions

We could also us€onstraintsbut we will use bonded contact to be consistent with the
uncrackedANSYS model.

Select theContact button to display the contact settings, Fig83.The contact behaviois set to

bonded_always Changes to otherontactsettings might improve the resyly®u should check

the results in ANSYS to verify that the cracked matbfbrmationis consistent with the original

uncracked model.

Model SIFs are shown in Fig 3.29 and are consistent with previous results.
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Static Analysis

contact_5_4

CONTACT_4_4

Figure 3.Z Local/globalANSYS connection using contact.

ANSYS Contact Parameters

Figure 328 Local/globalANSYS contact settings.
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Figure 329 Mode | SIFsfor case #2

3.8.3 Local model has one side dfdé contact surface plus a cisurface

For the third case, wagaindo import and divide, but the second selection consists of the region
shown in Fig 3.8. This selection contairike entirecontactsurface of the second cubrd has
a cut surfaceThislocal modelw i | | reqguire fAextrad connection

static crack analysis.

With the cropselectionin Fig 3.3, proceed with saving the local and global model files, and
then proceed to the Select Retained BC Surfaces dialog,3ig\8e will retain the top and

bottom BC surfaces along with the @utrface and the contact surface.

The resulting local model is shown in Fig 3.3Ve insert the same crack as before, Fi§.3.3
The resulting remeshed cracked local model is shown in FHg ®8ce the crack is inserted, we

can proceed with the static analysis. The local/global connections are a little more complicated

in this case.
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Define a Local Submodel
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Figure 3.8 Select part of material #2.
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Figure 3.3 Retain BC surfaces along with esuirface and contact surface.



Figure 3.3 Crack inserted into local model.
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Figure 3.3 Resulting surface mesh for local crack model.

Fig 3.3 shows the initial local/global connection panel for the ANSYS FE model and solver,

where the AUTO_CUT_SURF and GLOBAL_CONNECT_SURF sets are selected for node
merging.

Static Analysis

Ansys localiglobal model connection:

{* Merge nodes ¢ Constraint equations ¢ Contact condiions Consiant | Conact

Werge tolerance: |n 0004 Local connection midsides: @ retain ¢ remove

Local component(s) to merge/constrain

AUTO_CUT_SURF [ contact_5_4

Global component(s) to merge/constrain:

] CONTACT_4_4 GLOBAL_CONNECT_SURF

r Additional localiglobal connections:

=none defined=

Add Connecﬁonl [Delete Connection

Ansys command:

View/Edit Command | ™ Write files but DO NOT run analysis

Cancel | <] Back | Finish

Figure 335 Initial local/global connection panel.
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Because we completely separated the contact surfaces in the local and global portions, we must

alsoadd amextrad connection. Select thidd Connection button to display the dialog in Fig
3.%6.

AMSYS Extra Local/Global Connection

AMSYS Extra Local/Global Connection

actf" Paired contact ¢ Paired constraint.  Contact | Constraint

r Select master surfaces:
CONTACT 4 4

[ GLOBAL_CONNECT_SURF

r Select slave surfaces:

[ AUTO_CUT_SURF | contact_5_4

Cancel | <] Bac | Finish

Figure 3.% Extra connection dialog.

Switch the connection type fRingle contacand then select theontact button to display the
dialog in Fig 3.3. Switch theContact behavioto bonded always

Select theAcceptbutton in Fig 3.3 to return to the top level local/global connection panel. It
will now include the extra connection that was just defined, 8. 3Proceed with the analysis

and verify that the ANSYS results are consistent with results for the original uncracked model

The Mode | SIFs for this case are shown in FRP&nd are consistent with previous results.
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ANSYS Contact Parameters

Figure 3.3 Extra connectiorgontact settings

Static Analysis

[] CONTACT_4_4 GLOBAL_CONNECT_SURF

Figure 338 Final local/global connection panel.
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Figure 339 Mode | SIFsfor case #3
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4.0 Tutorial 4. Disk with Rotation and Temperature

In Tutorial 4, we simulate crack growth in a simple disk model that includes temperature
variation and rotation. In Step 1, weefly describehe model and the thermal analysiatt
producathe temperature variation. Once the temperatures are defined, wstructaral
analysis that includes rotatioftromthis structural model, weroceedwith the crack growh
simulation. This tutorial showhow temperatureanaffectSIFs

4.1 Stepl: Create the Disk Model

The disk is created as a quarsgmmetry model. Heat transfer analysis is conducted to generate
nodal temperatureandthese temperatures are then appléoing with mechanical |oks

(rotation) and constraint® create a model that can be used for crack groWwte following

three subsections describe the steps for ABAQUS, ANSYS and NASTRAN.

4.1.1 ABAQUS Disk

The first step is to build the FE model and to define the material properties. The model is shown

in Fig4.1a. The inner disk radius is 1, the outer radius is 10 and the width is 1.

We define both thermal and structural properties, which consist of density, specific heat,
enthalpy, thermal expansion, conductivity, elastadulus,and Poisson ratio. The material can
be temperature dependent; for this analysis we use constant values for all data except for the

elastic modulus, Fig.2a. Density is set to 1.0 and enthalpy is set to 0.
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Figure4.1la ABAQUS disk geometry.
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a5 Edit Material

MName: MAT_1

Description:

Material Behaviors

Density
Elastic

Expansion

Type: | Isotropic H
Reference temperature: |0

Nurnber of field variables:
Data
Expansion
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[] Use user subroutine UEXPAN
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0%

Temp

1000

Cancel

Figure4.2a ABAQUS disk material properties.

4.1.1.1 ABAQUS Disk Thermal Analysis

The first analysis is for heat transfer, so we set the element type (DC3D10) and create a volume

mesh. The model is meshed with all tetrahedral elementd,3ag The boundary conditions

consist of temperatures on two surfaces; temperature at the inner radius of the disk is set to 1000
and temperature at the outer radius is set to 10QL.8&g The resulting nodal temperatures are

shown in Figd.4a. These nodal temperatures are applied as initial conditions fstrtivgural

analysis.
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Figure4.4a Resulting nodal temperature contours.
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4.1.12 ABAQUS DiskStructural Analysis

We switch the element tygeom DC3D10to C3D10for the structural analysis. The boundary
conditionsincluderollers on the (symmetry) surfaces at x=0 and y=0. We also fix a point in the
z-direction to prevent rigid body motion and apply tleglaltemperatures from the thermal
analysis as initial conditions. Finallwe define the rotational velocity (centrif) as 0.2809 about
the zaxis. The model with boundary conditions is shown in the left panel ef.%ag The

resulting maximum principal stressrtours from the structural analysis are shamvthe right

panel of Figd.5a.

We save the ABAQUS aefile in case we need to-analyze the mode&nd wecreate aninp
file for use with FRANC3D. Note that we could create global and local model portions in
ABAQUS for FRANC3D. However, for this tutorial, we rely on the FRANC3D subnioglel
tool, so we just archive the full model. We also save the ABAQUS stress listing as

Abaqus_Disk.rpfor use in Section 4.10

Figure4.5a Boundary conditions for structural analysikeft panel,
and resulting maximum principal stress contauright panel.
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4.1.2 ANSYS Disk

Thefirst step is to build th€E model and to define the material properties. The outline of the

disk model is shown in the left panel of Fig 4.1b. The inner radius is set to 1.0 and the outer

radius is set to 10. The disk is set to be one unit wide; the final geometry is shtbe/migint

panel of Fig 4.1b.

We define both thermal and structural properties, which consist of density, specific heat,

enthalpy, thermal expansion, conductivity, elastmdulus,and Poisson ratio. The material can

be temperature dependent; for this analysis we use constant values for all data except for the

elastic modulus, Fig.2b. Density is set to 1.0 and enthalpy is set to O.
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TYPE NUM
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JAN 5 2007
10:43:39

AREAS
TYPE NUM

JAN 5 2007
10:49:06

Figure 4.1b ANSYS disk geometry.
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Figure4.2b ANSYS disk material properties.

4.1.21 ANSYS Disk Thermal Analysis

The first analysis is for heat transfer, so we set the element type (Solid87) and create a volume

mesh. The model is meshed with all tetrahedral elements, left panel®8kigrhe boundary

conditions consist of temperatures on two surfaces; temperature at the inner radius of the disk is

set to 1000 and temperature at the outer radius is set to 100, right panet.8bFighe

resulting nodal temperatures are shown in4=iy. These nodal temperatures are applied as
initial conditions for thestrucural analysis.

ELEMENTS

JAN 5 2007
05:32

ELEMENTS

JAN 5 2007

Figure4.3b Volume mesh and thermal boundary conditions.
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JAN 5 2007
11:12:55

800 1000

Figure4.4b Resulting nodal temperature contours.

4.1.22 ANSYS DiskStructural Analysis

Switch the element type in the modedm Solid87 to Solid92 for the structural analysis. The
boundary conditionsicluderollers on the (symmetry) surfaces at x=0 and y=0. We also fix a
point in the zdirection to prevent rigid body motion, and we apply the temperatures from the
heattransferanalysis as initial conditions. Finally, we define the rotational velocity (omega) as
0.53 about the-axis. The resulting model with boundary conditions should appear as in the left
panel of Figd.5b. The resulhg maximum principal stress contours from the structural analysis
are show in the right panel of Fig.5b.

We save the ANSYSIbfile in case we need to-analyze the model. We also archive the

model to acdbfile for use with FRANC3D. Note that we could create global and local model

portions in ANSYS for FRANC3D. However, for this tutorial we rely on the FRANC3D
submodehgt ool , so we will just archive the full n
also save the ANSYS stress listingfassys_Disk.stfor use in Section 4.10.
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Figure4.5b Boundary conditions for structural analysikeft panel,
and resulting maximum principal stress contdurght panel.

4.1.3 NASTRAN Disk

The first step is to build thEE model and to define the material properties. The outline of the
disk model isshown in the left panel of FigX. The inner radius is set to 1.0 and the outer
radius is set to 10. The disk is set to be one unit wide; the final geomédiomwis B the right
panel of Fig 4lc.

We define both thermal and structural properties, which consist of density, specific heat,

enthalpy, thermal expansion, conductivity, elastadulus,and Poisson ratio. The material can

be temperature dependent; for this analysis we use mostly constant Vejue®;. The elastic

modulus is 10,000 at temperature=0 and 5,000 at temperature=1000. Poisson ratio is constant at

0.25. The densityis set to 1.0. The coefficient of thermal expansion is set-tb 3e
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Name:  Material 1

ID: 1
-
Failure Theory

Sub Type: -
oo

Physical Properties:

Physical Property 2

Figure4.2c NASTRAN disk material properties.

4.1.31 NASTRANDisk Thermal Analysis

The first analysis is for heat transfer. The model is meshed with all tetrahedral elements, Fig
4.3c. The boundary conditions consist of temperatures on two surfaces; temperature at the inner

radius of the disk is set to 1000 and temperature at the outer radius is set Thhdfodal
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temperaturedor the steadystate heat transfare shown in Fig 4¢c. These temperatures are
applied as initial conditions for treeructuralanalysis.

i

P |

Figure 44c Resulting nodal temperature contours.

4.1.32 NASTRANDisk Structural Analysis

The boundary conditioriacluderollers on the (symmetry) surfaces at x=0 and y=0. We also fix
a point in the airection to prevent rigid body motion, and we apply the temperatures from the
heattransferanalysis as initial conditions. Finally, we define the rotational velocity (rforce) as
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0.08435 about the-axis. The resulting model with boundary conditions shouldapg®in the
left panel of Fig 4c. The resulting maximum principal stress contours from the structural

analysis arshown in the right panel of Fig.8c.

We save the Inventor files in case we need{anayze the model. We also archive the model
to a nasfile for use with FRANC3D,; this is done automatically by Inventor when running the
NASTRAN analysis. Note that we could create global and local model portions in NASTRAN
for FRANC3D. However, for this tutorial we rely on the FRANC3D submodébol, so we

will just archive the full model. We also save the NASTRAN stress listifdparan_Disk.pch

for use in Section 4.1@ake notef the subcase Ifbr the stress resultsiifis not set to 1.

Figure 45¢c Boundary conditions for structural analysikeft panel,
and resulting maximum principal stress contauright panel.

4.2 Step2: Import Disk into FRANC3D

Once the structural model is ready, we can proceed with the crack growth simulddrwith
the FRANC3DGUI and selecFile Y Import . In theSelect Type of Impopanel, choosthe
Import and divide into global and local modadslio buttorand selecNext. Switchthe Mesh

File Typeradio buttorto the appropriate FE tymand select the file name for theodel,Fig 4.6,
andclick Next.
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Select Type of Import

Model Import Type
" Import a complete model.

= Import and divide into global and local models.

" Import an already divided model.

{highly recommended for large and/or complex models)

Select Input Mesh File ’ - - E ——

cancel | eac |

Mesh File Type
© ANSYS  ABAQUS  NASTRAN
Mesh File
& P Il:l Abaqus -
Directories Files in C:\Temp\Disk\Wbaqus
= Ci a.
3 Autodesk [ Jb inp}
3 bruce D Abi _ ._heat_transferinp
Next 7 cygwingd [ Job-1inp
— (1 PerfLogs

Figure 46 FRANC3D FE model impoit ABAQUS selection

Creae a local model using theubberband Boxool andthe Crop button in the Define Local

Submodel window, Fig.7. SelectNext and save the local and global model files using the
default file names. In the Select Retained BC Surfdizdsg, Fig 4.8, use th&elect All button

to retain the two surfaces with displacement constraints, and thenNextcSet the FEM units

so that they are consgsttwith the FE modelinits; in this case, the temperature units are also

required. Sl units of mm, MPa and C ao&ay.

The model will be displayed in the FRANC3D main window, and we are ready toamsadk

into the local model.
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Figure4.7 FRANC3D FE model import.
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Select Retained BC Surfaces

Select Retained BC Surfaces
Select All Select All Display
~
Unselect All Unselect All ¥ Markers
W vectors
¥ Polygons
¥ Text
™ Mesh
(reset) (d)
Save | Read
b a
I L3
View Opfions
Show Node Ssts Show Node Sets Recenter |
Show SUTT Sets Show Surf Sets Capture
oo o e
Read Relained File Read Retained File

Shif+Click to select surfaces cancal | Back |[ nmex Shift+Click lo select surfaces Cancel | Back |[ Ned

Figure4.8 FRANC3D FE model impoit BC surface selection.

4.3 Step3: Insert Initial Crack

Insert acircularcrack with a radius of 0.1, Fig@. The crack is located at the front of the disk,
rotated % degrees from thenplane Fig 410. The crack front tenfgte has a radius of 0.01,

Fig 411. The resulting remest crack model is shown in Figl2.

Flaw Insertion

Meshed Ellipse Crack Parameters

Figure 49 Elliptical crack dimension dialog.
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Flaw Insertion

Figure 411 Crack front template dialog.
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Figure 412 Final meshed crack model.

4.4 Step4:. Static Crack Analysis

We perform a static crack analysi€hooseAnalysis Y Static Crack Analysisfrom the
FRANC3D menu. Provide a file name and choose the soRmiceed to the appropriate sub
section for the chosen solver.

4.4.1 ABAQUS Solver

The ABAQUS options are shown in Figl8a. TheConnect to global modeiption is checked
automatically. Seledtlext.

The next dialog box has options for connecting the local and global portions, Fag Weduse
node merging with the automatically selected local and globalwtdces. Clickinish to
begin the ABAQUS analysis.
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Static Analysis

tEO NOT N analysis

Figure 413a Static analysis options for ABAQUS.

Static Analysis

o o

Constraint] Col

AUTO_CUT_SURF [ disp_2 [ disp_3

r
GLOBAL_CONNECT_SURF

Figure4.14a Static analysis ABAQUS local + global model connection dialog.
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4.4.2 ANSYS Solver

The ANSYS options are shown in Fig 4.13b; the default settings will cause ANSYS to write

nodal temperatures to the results (.dtp) file. Toanect to global modelption is checked

automatically. Seledtlext.

The next dialog box has options for connecting the local and global portions, Fig 4.14b. We use

node merging with the automatically selected local and globalwtdces. Clickinish to

begin the ANSYS analysis.

Static analysis

AMNSYS Options

r ANSYS run time:
ANSYS Executable: Izs\ANS‘r’S Incw252\ansys\bintwinkG4\ANSYS252 exe | Browse |
AMSYS license: Im
Python Executable: |py1hon Browse |
Python script (will run before ANSYS): | Browse |

r Local model output

Edit Defaults |

r Global model:

¥ Connectto global model filename: IAnsys_Disk_GLOEIAL.Cdb Browse |

r Boundary conditions:

™ Apply crack face tractions | Define crackface contact  Copiact | T Initial strain - 0efipe |

r ANSYS command:

= | Write files but DO NOT run analysis

View/EditGommand

Cancel | 4 Back |

Figure 4.Bb Static analysis options for ANSYS.
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Static analysis

AMNSYS localiglobal model connection:

& Merge nodes  Constraintequations ¢ Contactconditions  Copciraint

Merge tolerance: Iu_ugm Local connection midsides: @ retain  remove

r Local component(s) to merge/constrain:
AUTO_CUT_SURF [] all_template_nodes [] disp_10 [ disp_8 [ disp_9

r Global component(s) to merge/constrain:
[~ Show all labels
GLOBAL_CONMECT_SURF

r Additional local/global connections:

=none defined=

Add Connecﬂonl [Delete Connection

ANSYS command:

View/Edit Command | ™ Write files but DO NOT run analysis

Cancel | ¢ Back | Finish |

Figure 4.14b Static analysis ANSYS local + global model connection dialog.

4.4.3 NASTRAN Solver

The NASTRAN options are shown in Fig 4.13dote that the NASTRANpchresults file does
not contain temperaturesisteadthe temperatures are extracted from the model boundary
condition data.TheConnect to global modelption is checked automatically. Sel&lxt.

The next dialog box has options for connecting the local and global portions, Fig 4.14c. We use

node merging with the automatically selected local and globalwtdces. Clickinish to
begin the NASTRAN analysis.
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Static analysis

Fiemens Smesnterasiran 2z06mnastransxs|_orowse
pben—_orowse
T oo

oo

Nasran Dk GLOBALnas | arowse|

View/Edit Command I~ Write files but DO NOT run analysis

Figure 4.13c Static analysis options for NASTRAN.

Figure 4.14c Static analysis NASTRAN local/global model connection dialog.
103





























































































































































































































































































































































































































































































































































































































































































