FRANG3ID

Reference
anual

Version 8.4

Fracture Analysis Consultants, Inc
www.fracanalysis.com

Revised: December 2023


http://www.fracanalysis.com/

Table of Contents:

TADIE OF CONENTS ...ttt b e bbbt e bbb benbesbeene e 2
IS 11 0o 0 od o] o PSSR 9
2. General and 3D View Manipulation ...........ccoovoiiiiiiiie e 9
N T O] 1 o] ST TRTRR 11

I |V 1< 11 F TP U TP RUPPPRTPRPTPTIRPRN 17
TR o 1] | o BT STT PSP PP PR TRURO 17
311 LICENSE STALUS ..ottt sttt sttt bbbttt ettt bbb e 18

3. 1.2 ADOUE DHAIOG. ...t 18

Bi2 FHIE ettt b 19

K T T oL PR 20
I O - [0 < RSP RR 20
TR T o T o LSRR 22
KT A 4T 1Y £ PRTRS 22
BT FALIQUE. ...ttt bbbttt bbbt 22
IR =1 1 o PSP 23
3.9 DUSPIAY .ttt bbbt bbbt 23
3.10 SINGIE CrYSTal.......o et ene s 24
T 5 T = [T g o | OSSR SR 24
TR N6 1V Ly Tor T TSRO RR 24
4. File Menu Wizards and Dialog BOXES .........ccueiueiiriiiiininieieee et 25
4.1 OPCN...CLII=O i re e 26
4.1.1 FRANC3D Restart (.fdh) FIIES ........cccooiiiiiiiiieeee e 26

4.2 WWOTK DITECLOIY ...vveiteeiie ettt ettt ettt st et e e st e et e e s e ste e nteeseeebeebeeneesreesneenee e 28
T 1 [0 PSS 29
N T AT AN SRR 29
T 050 010 o PR P R OPR PSPPI 30
4.5.1 Import a Complete MOUEL..........coveiiecceece e 30
4.5.2 Import and Divide MOTEL...........ccoiiiiiiii e 32
4.5.2.1 Cropping Selection OPtiONS.........ccciveieiieiieie et 33
4.5.2.2 Relative to a prinCipal Plane ..o 34
4.5.2.3 Plane normal and OFfSEL .........coocviiiiiiiiiieeee e 35
4.5.2.4 Plane from three POINTS ........ccoiiiiiiiiiieee e 36
4.5.2.5 RUDDErDAN DOX ......coviiiieieee e 36
4.5.2.6 Element DY €lemMeNnt........ccoooiiiiiii 37
4.5.2.7 BY MAEITAL.....coiiiiiiiie et 38
4.5.2.8 BY EIEMENT GIOUP ....eiiiiiiiiieieie ettt ettt ene s 38
4.5.2.9 Retained from file ... 39
4.5.2.10 Crop, Undo and REAOD ........ccveiiiieiiee et 40
4.5.2.11 RETErENCE POINT......ooiiiiiiiiiiieie ettt 40
4.5.2.12 Show elems and SNOW OULHINE ..........ccooieiiieieiie e 41
4.5.2.13 Show beam and shell elements for reference............ccoocoeveniiiiiniinsenee 41

4.5.3 Import Already Divided MOGEI ..ot 42

4.0 EXPOTT. ..ottt 42



A7 REAU RESUILS. ...ttt e e e e e ettt e e e e e e e e eeeeens 43

4.8 PIaybacki.. .. ..ooieiiiiiiieii s 44
4.9 QUIL - CI-Queeee bbbttt 45
5. Edit Menu Wizards and Dialog BOXES...........ccoiiiiiiiiiieieiesiese st 46
5.1 UNIE CONVEISION. .. teiutvieiiiieisiieesieeessteesstteesssseesstbeeabeeesbeeeasbe e e asbeeessbeeessbeeeasbeeensbeeensseeenseeas 46
IV o (S 1S3 (=) 1 (oLt PR 46
5.2.1 GENEIAI 1 TAD...ciuiiiiiiiieie ettt bbb 47
5.2.2 GENEIAl 2 TAD...ciiiiicie e et 49
5.2.3 WINUOW TaD....cciuiiiiiiiiieiie ettt bbbttt b et sbe e 50
5.2.4 3D VIBW TaD...uiiuiiiiie ettt sttt nenreeneene e 52
5.2.5 ANSYS TaAD .ot 53
5.2.6 ABAQUS TaD ..ocuiiiiiiiiiii ettt b eneene e 54
5.2.7 NASTRAN TaD .ottt bbbt nre b 55
5.2.8 MESNING TaD ..o 56
5.2.9 Advanced Meshing Tab .........cccuciiiiiiieiice e 57
T80 (O T I SRS 58
6. Cracks Menu Wizards and Dialog BOXES .........ccveiiiiiiicie it 59
6.1 NEW FIAW WIZAIU ..ottt ettt st enneeneeeneenes 59
6.1.1 FIaW tYPe PANEL.......o it 60
6.1.2 Crack type PaNEI ........ooviiiiiiiiiiee e 61
6.1.3 Elliptical CraCck Panel...........cccooviiiiiiiieie e 62
6.1.4 Single-front Through-the-thickness crack panel..........cccccoiiiiiniein 63
6.1.5 Two-front Through-the-thickness crack panel............ccccocviieiiiiiicie s, 64
6.1.6 Long shallow surface crack panel............ccoooiiiiiiiieie e 64
6.1.7 Two-front Elliptical crack panel ...........cccoooeiieiicic i 65
6.1.8 Long shallow interior crack panel.............cocooiiiiiiiiiie e 66
6.1.9 Curvilinear elliptical crack panel .............ccccooieiiiii i 67
6.1.10 User-defined Crack Panel ..........coooiiiiiiiiieeeee e 67
6.1.11 User-mesh Crack Panel...........ccovoiiiiiiiiie e 69
6.1.12 Advanced GEOmMELrY DULTON ........ccooiiiiiiiiiiicseee e 71
B.1.12.1 RETINE ....iiiitiiieiee e ettt eneas 71
0.1.12.2 RESEL....eeiitee ettt bbbt nr et re e e nee e 72

TR O 2 T o [ USRS 72
6.1.13 VOId tYPE PANEL ... 73
6.1.14 EHIpS0id PANEl .......c.oooiieice e 74
6.1.15 Thick (flat) elliptical vOid panel ... 75
6.1.16 Two-front Through-thickness void panel .............ccccooveiiiiiicc e 75
6.1.17 Single-front Through-thickness void panel ... 76
6.1.18 Long shallow surface void panel ...........cccoooiiiiiiii e 77
6.1.19 Curvilinear elliptical void panel............ccoooiiiiiiiii 77
6.1.20 User-mesh VOId Panel ..........covviiiiiiiiie e 78
6.1.21 Symmetry crack surface select panel ..o 81
6.1.22 Flaw translation and rotation Panel............ccceevveviiiiicie e 81
6.1.22.1 DefiNe LOCAI AXES ...oeeuveieieiiieieeie st eie e et e e sta et e sneeae e sneeneenee e 82
6.1.23 Crack Front Mesh Template Panel ............ccooeoviiiiiiiciee e 83
6.1.23.1 Meshing Parameters Dialog........cocoeeririiiiiiieieie e 86



6.1.23.2 Advanced Template Options Dialog.........ccccvvvveieerieiiieieeie e 88

6.1.24 FIAW INSEITION ....ocviiiiie ettt ettt e e et e e be e e 89
6.2 FIaW FrOM FIlES ...ttt ns 90
6.3 MUILIPIE FIAW INSEIT......ceiiiiiiii s 92
6.4 COMPULE STFS...eiiiiiiiiiie ettt e et e e s b e e srb e e e abb e e e bt e e e nnb e e e nbnee e s 93

6.4.1 M-integral, Displacement Correlation or Virtual Crack Closure Panel...................... 93

6.4.2 SIF PIOt PANEI ..ot 95

6.4.2.1 SIF PIOt MENU DA .....ooiiiiiiicie et 97
6.4.2.2 SIF Plot with Simple Template INtersections .........cccccevviveviieve e 100
T €] {0111V O - Tox PSR 101
6.5.1 Subcritical Crack gQroWth ..........c.ooveiieii i 102
6.5.1.1 KinK ANGIE MO ......oooiiiieiieceee e e 102
6.5.1.1.1 Max Tensile StresS (MTS) ....ciiiiiiee e 103
6.5.1.1.2 Max Shear Stress (IMSS) ... 103
6.5.1.1.3 GeNeralized StrESS.........ccveiveieiieiie et 103
6.5.1.1.4 Strain Energy Release Rate (SERR) .........ccccooiiiiniiinieeec e 103
B.5.1. 1.5 PIANAK .....eiiiieiie ettt e 104
6.5.1.1.6 User Defined MOGEL..........cccoooiiiiiiiic e 104
6.5.1.1.7 Kink angle lmit .........cccooieiiiie e 104
6.5.1.1.8 Mixed Mode Eta FaCIOIS.........cciueiieieiieiieie e 104
6.5.1.1.9 Crack Growth RESISTANCE.........cccueiierieiieiieese e 104
6.5.1.2 Subcritical GrOWEN UNITS .....cceeiieiiiieiece e 106
6.5.1.3 Subcritical Load SChedule ...........coooveiiiiecc e 108
6.5.1.3.1 Load Schedule: New SChedule ..........cccoiveiiiiiieeee e 108
6.5.1.3.1.1 Simple CyCliC EVENt ......cccviiiiece e 116
6.5.1.3.1.2 Non-Proportional Cyclic EVENL...........cccoci i 117
6.5.1.3.1.3 TranSient EVENt.........cccoiiiieiicie e 117
6.5.1.3.1.4 SPECLIUM EVENL.....ociiiiiiiiiiiiieie s 118
6.5.1.3.1.5 HOIA EVENT ....ccoiiiiieiece et 122
6.5.1.3.1.6 Dynamic Pairing EVENT.........ccoiiiiiiiieie e 122
6.5.1.3.1.7 SChedule EVENL..........cccoooieeciece e 124
6.5.1.3.2 Load Schedule: Read From File .........c.cccoviveiiiieiiiieceece e 125
6.5.1.3.3 Load Schedule: Wizard.............cccooveveiieiicii e 125
6.5.1.3.4 Load Schedule: VIEW/Edit.........cccevviiriieii e 126
6.5.1.3.5 Load Schedule: Save TO File ......ccccviiiiieiiceceece e 126
6.5.1.4 Subcritical Growth Rate Model ...........ccooeiieiieieeee e 126
6.5.1.4.1 Growth Rate Model: New Model — cyclic loading..........cccccccevvevviiennnnnn. 126
6.5.1.4.1.1 PariS MOEl........coooviiiieie e 129
6.5.1.4.1.2 Bilinear Paris Model...........ccooiiiiiiiiicc e 129
6.5.1.4.1.3 Sigmoidal cyclic loading growth model ............ccccooeviiiniiiiiis 130
6.5.1.4.1.4 Hyperbolic Sine MOdel ...........cooovieiiiiiii e 131
6.5.1.4.1.5 Table Lookup growth model............ccooeiiiiiiiiiniiies 131
6.5.1.4.1.6 NO Stress Ratio MOdel ...........ccoveiiiiiiiiii e 134
6.5.1.4.1.7 Walker Stress Ratio MOdel...........cccoovevveiinieeneee e 134
6.5.1.4.1.8 Newman Closure Stress Ratio model ...........ccccoovveviiiiieiie e 137
6.5.1.3.1.9 Table Lookup Stress Ratio MOdel............ccccevvrireiiniineiesc s 140



6.5.1.4.1.10 NASGRO Version 4 equatioN...........ccceevuerieereeriesieeseeseeseeseseessee s 145

6.5.1.4.1.11 NASGRO Version 3 eqUatION.........ccccereririnineeieieesese e 147
6.5.1.4.1.12 Modified Hartman-SchijVe .........c.ccccoveiiiiiiicie e 150
6.5.1.4.1.13 User-defined MOodel..........cccoveiiiiiiiiiiee s 151
6.5.1.4.1.14 Temperature dependent growth rate ..........ccccceevevieereeiesiiesecre s 151
6.5.1.4.2 Growth Rate Model: New Model — time dependent loading...................... 153
6.5.1.4.2.1 Time Dependent POWEN LAW .......cccccceeviveiieiienieeieseeseesee e 154
6.5.1.4.2.2 Time Dependent Terachi SCC.........ccociiiiiininiiiieieecse e 155
6.5.1.4.2.3 Zencrack COMET MOdel.........ccoviiiiiiiiiiiiiiieeeee e 156
6.5.1.4.2.4 Time Dependent Table LOOKUP .......cceiviriiiiiniiieieecnese e 156
6.5.1.4.2.5 USEr MOGEl .....cooviiiiiiiiies e 157
6.5.1.4.2.6 Temperature dependent time dependent growth............cccocevvinrnnne. 157
6.5.1.4.3 Growth Rate Model: Read From File ..........cccccovviiiiiiiiiiene e 159
6.5.1.4.4 Growth Rate Model: View/Edit da/dN ..........cccoeviviiiiieiiinriieneee e 159
6.5.1.4.5 Growth Rate Model: View/Edit da/dt...........ccccoovriviininiiiine e 159
6.5.1.4.6 Growth Rate Model: Save TO File........ccccooveiiiieiiiecieceec e 159
6.5.1.5 Subcritical Mixed-mode equivalent K...........cccccoeoeiiiiii i 160
6.5.1.6 Subcritical EffeCtive dK..........cccooiiiiiiiie s 160
6.5.1.7 Subcritical Integration OPLIONS ........c.ccvveiieiiieiieie e 162
6.5.1.8 DynamicC Pairing IMELHIC.......ccooviiiiiieieiesie e 163
6.5.2 Quasi-StatiC CraCk groWth ..........cccoiiiiiii i 163
6.5.3 User-Defined Crack growWth.........ccocooeiiiiiiiiiice s 165
6.5.4 Read growth parameters from a file...........ccooooiiei i 165
6.5.5 Crack growth front fitting .........cccoiiiiiiiiii s 166
6.5.5.1 Multiple crack front fitting...........ccccoeiiiiiiic i 168
6.5.5.2 Front fitting OPtiONS .........ooviiiiiieiei e 169
6.5.5.2.1 Kink Angle/EXtension POIY Fit.........c.ccccovieiiiieiieiece e 170
6.5.5.2.2 Fixed order poly through POINtS..........coceveiiiiiiiirieeeee e 170
6.5.5.2.3 Multiple poly through points ..........cccceoieiieiicccce e 170
6.5.5.2.4 Hermitian CloSEd POIY .......ooiiiiiiiiiece e 171
6.5.5.2.5 CUDIC SPIINE ..oeei s 171
6.5.5.2.6 Moving polynomial............cooooiiiiiii 171
6.5.5.2.7 NO SMOOTNING......ciiiiiiiiiic et 172
6.5.6 Crack growth front template MeSh...........coooiiiiiiii s 172
6.6 Read Crack Growth WiIzZard...........cooeiieieiiiiiicisieee e 173
6.7 Grow/Merge Cracks WIZard ..........c.ooeieiiiiiiiiiicieeese e 174
6.8 Edit CraCk GEOMELIY .....ccviiiiiiiiiiit ettt ettt et e e ste et e s reesreenre s 177
6.8.1 Reset Original CraCk GEOMELIY ........ccuiiviiiiiieiirieiieieie et 178
6.8.2 REAU .CTK TIlE ... e 178
6.8.3 Add TACE 10 CTACK .....oiveeii ettt ettt ee e nreenee s 178
6.8.4 Delete face from CraCk ..........cooiiiiiiiiiiie e 178
6.8.5 SPHIt FACE INTO TOUN ....veiiii e 178
6.8.6 Merge dUpliCate POINTS.......cciuiiiii ettt e e nneas 178
6.8.7 SPlit DOUNDANY BAGE ..o s 178
6.8.8 Add €dge 10 TrONT .....ooiiiecie e e 178
6.8.9 Map lIBrary FlAW .........cooiiiii s 179



6.8.10 FIAtten t0 PIANE.......ccveeie e 179

6.8.11 C0arsen CraCk gBOMELIY .......ceiuiiieiieeieeie st e e et e ettt e st sreeaesreesreenee s 179
6.8.12 SMOOLh CraCk GEOMELIY ....c.veeiiciie et 179
6.8.13 AdVANCe CUITENT TTONT(S) ...evveeeeieeiieeiesie sttt s 179
6.8.14 SAVE CraCK tO fIlB......ociciii i 179
6.8.15 FEALUIE DISPIAY ... s 179
6.9 SIFS AIONG @ PatN ..o e 180
6.9.1 DEFINE Path Tabh ..vooiiiieiiicc e 180
6.9.1.1 Constant Normalized DISTANCE .........ccceeivuiiiiirieeiitie e 181
6.9.1.2 Nearest PoOINt 0N NEeXt FIONt .......oociiiiiiii i 182
6.9.1.3 Intersection of Fronts With @ Plane .........cccccovvviiiiiiiiiii e 183
6.9.1.3.1 Start: Step and Final: SteP........ccooviiiiiiiie e 183
6.9.1.3.2 Search from final froNt..........ccoooiiiiiiii e 183
6.9.1.4 Path CONSIIAINTS ......vvvveiiiviiie ettt et e e e st e e e e s bt e e e e s e bbee e e e sarens 184
6.9.1.5 Path CUIVE FIttING .....ccooiiiieiieie et 184
6.9.1.6 Crack Starting INfOrMation ...........cccooeiiiiiiniiieee e 185
6.9.2 EXPOIT TAD .ooviiicc e 185
6.9.3 FIle/Data/AXES IMEBINU .....ccoiiiiiiii ettt ettt e e e s et e e e s sbr e e e e s eaabaee s 185
LT O | o] g A 1 (0] ] < TR 186
6.10.1 EXPOIT TAD .oveieieiieieee bbb 186
6.10.2 FIle/Data/ AXES IMEBNU .....ccccuviiiiriie ittt ettt ettt s s sbbe e s sbb e s s bae e 186
7. Wizards and Dialog Boxes for LOads MENU...........cccuriiiiieieniieiesesseee e 187
7.1 Crack Face PresSSUrE/ TIACION .....c..ccicvvieiiriee it stie ettt e st e s sa e e sbae e s ebee e s sbaeeans 187
A 0 R 0 Y = g To1=To I o101 (o] 188
7.1.2 Constant Crack Face Pressure Panel..........cocccocvviiciiiiiii i 189
7.1.3 1-D Radial Residual Stress Distribution Panel ............cocoeceviviiieiiiiecee e, 190
7.1.4 2-D Radial Residual Stress Distribution Panel ............cocoovvvviiiiiiiieiecee e 192
7.1.5 Surface Treatment Residual Stress Distribution Panel ...........cccccoevevvieeccee e, 193
7.1.6 Mesh-Based Stress Distribution Panel............ocovveicviiiiiiiiiiic e 196
8. Wizards and Dialog Boxes for AnalysiS MENU...........cceiiiriirineiiiiniseeeee e 197
8.1 StatiC CraCk ANAIYSIS.....cceciiiieiicic et re e 197
8.1.1 Fdb File NAME PANEL.......co it 197
8.1.2 ANalysiS COAE PANEI ......ocveeiiieii et 198
8.1.3 ANSYS OPIONS PANEL.....cuiiiiiiiiiiiiee s 198
8.1.3.1 ANSYS Edit DEfaUILS ....ccvveiiciiiiitiie ettt 199
8.1.3.2 ANSYS Crack Face CONACE.......c..ccoviieiiiieiirie et 200
8.1.4 ANSYS local/global model connection Panel ...............ccoooiiieiieiiic i 201
8.1.4.1 ANSYS CONSIIAINT.....ciiiiitiiiii ittt et e s er e e s s e e e s s ebba e e e s enbeeeessarens 202
8.1.4.2 ANSYS CONACT......ciciiiiitiii ittt ettt be e e ebae e bee s 203
8.1.4.3 ANSYS EXIra CONNECLION ....cocvvviieiieetiie ettt et e et e e s enbae e e 204
8.1.4.4 ANSYS Command Line Panel.........cccceiiiiiiiiiiiiiec e 204
8.1.4.5 ANSYS Write Files but DO NOT run analysis ..........ccocevvrerinieneneneneseen 205
8.1.5 ABAQUS OpPLtioNS Panel.........coioiiiiiiiiiie sttt 205
8.1.5.1 ABAQUS Edit DefaultS..........cccviiiiiiicieciecic e 206
8.1.5.2 ABAQUS Crack Face CONACT..........ccceeiiuiieiiiieeciie et 207
8.1.6 ABAQUS local/global model connection Panel.............cccoconiiiiiniinnienc 208



8.1.6.1 ABAQUS CONSIIAINT ......cuveiiviiiiicitee ettt sbee s be e srne e sbaeenre e 209

8.1.6.2 ABAQUS CONACE.......ueiiiiiiieiieeiee ettt snne e 210
8.1.6.3 ABAQUS EXtra CONNECLION .......eoiveiitiiciiee ettt ettt srre e srneere e 210
8.1.6.4 ABAQUS Command Line Panel ..........cccoieiieiiiiiiieece e 211
8.1.6.5 ABAQUS Write Files but DO NOT run analysisS........ccccccevvervevieieesessieseenes 211

8.1.7 NASTRAN OpPtions Panel .........ccooiiiiiiiiiiiiiieeee s 212
8.1.7.1 NASTRAN Edit DEfaUILS ......ccoviiiiiiiiisesceee e 213
8.1.7.2 NASTRAN Crack Face CONtaCt.........cccevuereriieiieniesieenie e nee e s 214

8.1.8 NASTRAN local/global model connection Panel ...........ccccccooevieiviiciienecccees 214
8.1.8.1 NASTRAN CONSLIAINT .....ceiiieiiiaieiiesieeie e es 216
8.1.8.2 NASTRAN EXtra CONNECHION.......civiiieiiiiieiiieieieie et 216
8.1.8.3 NASTRAN Command Line Panel..........ccccceiiriiiiiniinese e 217
8.1.8.4 NASTRAN Write Files but DO NOT run analysis ..........ccccovevvivveieeiesiieseenne 217

8.2 Crack GroOWEN ANAIYSIS.......oiuiiiiiiieiieieiee et bbb 218
8.2.1 Crack Front Smoothing Panel...........cccoveiiiiiiii i 218
8.2.2 Crack Growth Increments Panel ...........cccooveiiiiiiieeneiie e 219
8.2.3 ANalySiS COUE PANEI ......ocuviieeii e 220

9. Fatigue Menu Wizards and Dialog BOXES ..........ccooviiriiieieiieniesie s 221
9.0 Fatigue Cycle COMPULALION .......ccueeieiiecie et re e e sre e 221
9.1 Fatigue Life PrediCtionS...... ..o 225
0.1.1 REAI SIF DALA.....ccueeieieiiisiieiesiieee ettt bbbttt sb et b neenes 226
0.1.2 SEL PAIAMELEIS.....coiiiiiie ettt sttt et b et e et e e s nbe e sae e b e e nneas 227
0.1.3 REAI PArMELEIS. .....oviiiiiiiisiesiieie ettt bbbttt bbb ens 227
0.1.4 SAVE PArAMELEIS ......eiiieeiiee ettt st b et b e sb et e b e nbeesnnas 228
9.1.5 PIOt CyClES — PIOt TIME ....eciieieciic ettt 229
0.1.5.1 PlOt OPLIONS ..ottt bbbttt bbb 229
0.1.6 Data TaADIE ... .o bbb 230
9.1.7 CraCk FrONT PIOTS .......eoiiiie ettt eneenre e 231

9.2 VieW/Edit Growth PArameters .........ccoieiiieieiiiesieiee et snea 231
9.3 Crack Front Fatigue ValUES ..........ccuiiiiiiiieiieiie e 231
10. Fretting Menu Wizards and Dialog BOXES..........cccccveiieiiiiieiecie e 231
10.1 Read Model and RESUILS ......cceuiieeiiee ettt 232
10.2  ImMport NUCIEAtION DAta..........cccveiieiiieieiiiecie et 235
10.3  Fretting Crack NUCIEALION...........coviiiiiiiii e 238
10.3.1 Surface treatment reSIdUAL...........cccooeiiiiiiiinieee e 246

10.4  REGION COlOT ...ttt bbbttt bbbt 246
11. Display Menu Wizards and Dialog BOXES.........ccceoieiiiiiiiieiieciecie e 247
11.1 View ReSPONSE DIAI0G........ciiiiiiiieieiieite sttt 247
11.2 Create ANIMALION WIZAIT ......ccoiiiiiiiieie e 248
12. Single Crystal Menu Wizards and Dialog BOXES ..........ccceieiiiiiiiiniseeieieese s 251
12.1 ReSOIVEd SIreSS INTENSITIES. ....c.eiiiiieiiieie ettt 251
12.2 Resolved SIFS AIONG @ Path ........cooviiiiiiiiiie e 252
12.3 View Crystal OrientationS...........ccuviiiiiieiiie et sae e saeesraeenee s 253
13. Electrical Menu Wizards and Dialog BOXES .........ccccvririiireniiineniisesee e 254
14. Advanced Menu Wizards and Dialog BOXES........c.cccviiiiiiieiiii e 254
141 EAQES WIZAIT ...ttt bbbttt 254



14.2 DiSplay COD Dt ......ccvciueiieiiieieiieiie e see e eie s e ste st eestesae e e saeeneesreesteaneesnaenseenee e 255

14.3 Write TeMPIAe DALa........ccviiiieiiieie e 257
14.4 Create GrowWth HISTOIY ....c..iiieicc ettt 258
14.5 EXPOIt CraCk Data.........ccoiiiieiiiiieiesiesie e 260
14.6 Read USEI EXIENSIONS ......civiiiiiiieiieieie sttt sttt st bbbt b bbbt ne e 260
147 INIHAL STrESS FIIE ... et 261
14.8 INItIAl STrain FIlE .....oviiiiicicieee bbb 262
14.9 PIOt CFT SErESS FIIE . .coiiieieiiiecieee ettt et 262
14.10 Edit REtaiNed NOUES ......ccoiiiiiiieieie ettt bbb 262
14.11 Contour INtegral DAta .........cccoveiiiieieieiee e 263
AppendiX A: XY PIot Label SYNTAX ......ccoviiiiiciicie et 265



1. Introduction

FRANCS3D is a program that inserts cracks and/or voids in pre-existing finite element (FE)
meshes. This manual describes the components of the graphical user interface of the program,
specifically for Version 8. It also includes underlying concepts and theory where appropriate;
the User’s Guide provides more details on concepts, and the (future) Theory Reference will
provide more details on theory. A separate FRANC3D Command Language & Python
Extensions reference provides a listing of all the commands to run in batch-mode along with the
corresponding Python functions and a description of the Python user-crack-growth capabilities.

There are four FRANC3D Tutorial documents that describe the program usage when combined
with the three supported commercial FE codes: ANSYS, ABAQUS and NASTRAN. There are
preliminary Tutorials for each of the three analysis codes to describe the interface between
FRANC3D and the analysis codes. A more generic Tutorial#2-14 document describes additional
example simulations.

There is also a FRANC3D Benchmark document that describes crack configurations for which
there are analytical or handbook solutions for stress intensity factors (SIFs), and the FRANC3D
SIFs are compared to these values.

To get started using FRANC3D, one can choose one of the preliminary Tutorials and follow the
steps. You can consult this Reference document for more details at any of the steps in the
tutorial. You should also try to reproduce the Benchmark models or choose your own models for
validation.

In this document, menu buttons, dialog or wizard panel titles, and buttons on these panels are
indicated by bold text. Fields, labels and selectable options inside the dialog or wizard panels
are indicated by underlined text. Model and file names will be indicated by italic text.

2. General and 3D View Manipulation

An image of the main FRANC3D window is shown in Fig 2.0.1. Most of the window consists of
a 3D graphics space that displays the current model.

When a model is first displayed, the 3D view is set such that the viewer is looking toward the

center of the model from a position in the positive Z direction. The distance from the viewer to
the model is set so that the full model is visible.

The 3D view is changed by moving the mouse in the graphics window with the appropriate
combination of mouse buttons and keyboard keys depressed. There are five basic functions for
view manipulation. A unique combination of mouse buttons and keyboard keys is defined for
each of the functions. The button and key assignments can be changed using the 3D View tab in
the Preferences dialog box (described in Section 5.4).



B FRAMNC3D Version 8.2 — O *
File Edit Cracks Loads Analysis Fatigue Fretting Display Advanced Help
FRANC3D
Wersion 8.2
Display
Menu Bar V¥ Markers
IV Vectors
¥ Polygons
IV Text
™ Mesh
™ Fronts
(reset) (d)
3D Model Camera
. . eyt Save | Read
View Window Positions ==
d [l Dl
an S Ll
View View options |
Controls Recenter
Capture imagel
. . O ||y
Orientation
Axes
u
x z
- Status Bar
Ready. & /

Figure 2.0.1 FRANC3D main window.

The view functions are (using FRANC3D default mouse and keyboard key assignments):

Rotate (left mouse button, no keyboard keys): Mouse motion rotates the model on the screen.
The mouse can be moved in any direction. The axis of rotation is defined to be perpendicular to
the mouse motion and passes through the current center of rotation. The center of rotation is
defined as the horizontal and vertical center of the graphics window at a location midway
between the front and back clipping planes (described below). The center of rotation can be
changed, Fig 2.0.2, using the Ctrl key and left mouse button (or with the Recenter button).

Pan (center mouse button or wheel, no keyboard keys): Mouse motion pans or drags the model
around the screen. The mouse can be moved in any direction, and the model moves in such a
way as if it were following the mouse.

Zoom/Spin (right mouse button, no keyboard keys): These are two distinct types of motion

activated by the same mouse key. If the mouse is moved up or down, it will appear as if the
viewer is getting closer or farther, respectively, from the model. If the mouse is moved left or
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right, the model rotates about an axis that is perpendicular to the plane of the screen and passes
through the horizontal and vertical centers of the window.

Recenter
Point

Figure 2.0.2 Recenter.

Front Clip (center mouse button or wheel plus shift key): A cutting (or clipping) plane can be
moved parallel to the screen from the viewer toward the model. This can be used to clip away
the front of a model to see internal features such as cracks. Moving the mouse upward "pushes”
the clipping plane away from the viewer toward the model, cutting away the portion of the model
closest to the viewer. Moving the mouse downward "pulls” the plane away from the model and
toward the viewer.

Back Clip (right mouse button or wheel plus shift key): A cutting plane can be moved parallel to
the screen from behind the model toward the viewer. This can be used to clip away parts of the
model that might be making the view confusing (this is especially useful when the model is
displayed in "wireframe" mode without polygons). Moving the mouse upward "pushes” the
clipping plane away from the viewer. Moving the mouse downward "pulls” the clipping plane
toward the viewer, which will cut away the back portion of the model.

2.1 View Controls

The view controls box, along the right-hand side of the FRANC3D main window, provides
additional options for manipulating the view of the model, Fig 2.1.1.
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Display
v Markers

Graphical Element Toggles ¥ vectors
¥ Paolygons
¥ Text
™ Mesh
[~ Fronts

(reset) (d)
Named Camera Positions

Save | Read

- D a
Preset Camera Positions DEE D

View options |
Recenter |
View Options Capture image |

Figure 2.1.1 View controls side panel.

Graphical Element Toggles: Graphics in 3D display windows consist of a combination of
markers, vectors, polygons, and text. The toggles in this box will turn these items on or off
independently. The surface mesh and crack fronts can be turned on or off as well.

Named camera positions: The list of named camera positions is displayed in the list box. There
should always be a reset view provided as the default (d) view. A crack view will be saved
automatically after a crack is inserted. User-named camera positions can be Saved to a file and
Read from a file.

Preset Controls: These preset camera position icons provide quick access to preset views that
place the viewer along one of the Cartesian axes. The two icons on the right switch the view
between perspective and orthographic.

View Options: This button displays the dialog in Fig 2.1.2. In this dialog, the Show Axes turns
the Cartesian axes display on or off. The Different Front/Back Colors turns the front/back
coloring on or off. By default, the front and back sides of a surface are shaded differently. This
toggle is useful when looking at the crack surface, where the two surfaces are coincident. The Set
Speed sliders allow one to control the rotation, translation, zoom and spin speeds independently.
The Cutting Planes option allows one to define cutting planes normal to the global Cartesian
axes. These will cut away a portion of the model. These are independent from the front and
back clipping planes.
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1" View Options ﬁ

Options
™ Show Axes [ Different Front/Back Colars

Set Speed

Rotation . 1x ———_F—— 2x -+|
Translation .1x ———_F—— 2x -+|
Zoom Ax ———F—— 2x -k|
Spin A ———f—— x -]

Cutting Planes
(i [f] Position
[ X-plane & r'l 0
[T Y-plane & I—U
[ Z-plane & 'f"l 0

Dismiss |

Figure 2.1.2 View Options dialog.

Recenter: This button displays the Set Rotation Center dialog, Fig 2.1.3. One can specify the
center of rotation interactively, using the dialog in Fig 2.1.4. A node id or Cartesian coordinates
can be specified also. In the Setcenter View dialog, Fig 2.1.4. The center of rotation can be set
by dragging the red boxes left or right and up or down. The new center of rotation is the
intersection of the three lines that have the red-box-handles.

B ' Set Rotation Center Iﬁ

& |nteractive

By Node: [Node |D: I 0

¢ By Coordinates:

| 20 | 20 | 05

Recenterl Undo | Dismiss |

Figure 2.1.3 Set Rotation Center dialog.
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Setcenter View

Cancel Accept

Figure 2.1.4 Setcenter View dialog.

Capture: This button displays the Save File As dialog, Fig 2.1.5. The current view of the

model is captured and saved to

Save File As

a file. Either a.png or .jpg file can be saved.

< = |[C1Ansys | New Directory

Directories

X | | Files in C\bruce\ansys\F3D_w71_models\BenchMarks\CornerCrackHolePlate\Ansys

= ca
& (1 Autodesk
=1 bruce
= [ ansys
& (] BMCB35
=11 F3D_v71_models
=1 BenchMarks

(21 Abaqus

2] ] InteriorEllipse
(1] OffsetHolePlal
& (] Sneddon

=[] gear
E ] test_cube_wb
("1 ha32

B[] AnisotropicThickPlateShear

= (1 AnisotropicThickPlateTension

&[] CenterThruCrackPlate |

(] ComerCrackBar =

£ CornerCrackHolePlate |
|
|
|
|

&[] EdgeCrackPlate

[ ] SurfaceHalfPenny

JE ]

te

File name |

File type: [pna file Files (png,”PNG) =l

Cancel

Figure 2.1.5 Save File As dialog.

The bottom of row of icons, Fig 2.1.6, allow one to do a box-zoom, to take measurements on the
model surface, and to define front and back clipping planes.
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O, || )

Figure 2.1.6 Bottom row of icons: box-zoom, measurements, and clipping planes.

Box Zoom: This allows one to zoom-in on a portion of the model by dragging a box, Fig 2.1.7.
Press the Box Zoom button and then, using the left mouse button, click and hold, then drag the
mouse to create the box, and then release the mouse button.

Zoom box

Figure 2.1.7 Box zoom used to zoom-in on a portion of the model.

Measurements: This allows one to find the Cartesian coordinates of a point on the model
surface, or to find the distance between two points on the model surface, Fig 2.1.8. Using the
left mouse button, click on the model surface to view the coordinates; click and hold and then
drag the mouse to obtain the distance between two points on the model surface.
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W Markers
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View Options
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Capture
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=3
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Figure 2.1.8 Surface measurement.

Clipping: This icon displays the Clipping View dialog, Fig 2.1.9. The front and back clipping
planes can be moved by dragging the red boxes left or right. This is an alternative to the mouse-
keyboard combinations described previously.

Clipping View ’

Display
™ markers

/ ¥ Vectors

/ ¥ Polygons
W Text

Cancel | Accept |

Figure 2.1.9 Clipping view dialog.
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3. Menus

A summary of the menus, from the menu bar shown in Fig 2.0.1, is provided here. In general,
selecting a menu item leads to a wizard or dialog.

The Help menu is described here, while all other menu options are described in more detail in
Sections 4 through 14.

3.1 Help

The Help menu, Fig 3.1.1, is on the far-right side of the menu bar and has options for accessing
the FRANC3D documentation either locally, if installed, or on-line from FAC’s web site
(http:\\www.fracanalysis.com/software.html). The appropriate documentation will be displayed
in a web browser if the files have been installed locally and the file path set. If the file path has
not been set, the user is presented with a dialog box, Fig 3.1.2, and the appropriate .pdf file can
be selected. Alternatively, if the FRANC3D Website menu option is selected, FAC’s web site is
accessed, and the appropriate documentation can be selected there.

Help |

: Reference F1
i Commands/Python

| Tutorial for AMSYS Users
Tutorial for ABAQUS Users
Tutarial for NASTRAM Users
Tutorials #2-14

Benchmark Examples
Users Guide

FRAMC3D Website

License Status

About...

Figure 3.1.1 Help Menu.
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http://www.fracanalysis.com/software.html

Please locate: FRANC3D_V7_Reference.pdf

@ & [Dous |
Directories X Files in E\erCe\FRANC?;D_W_DO(S\pde
= Ca J= | [
= DA [[] FRANC3D_V7_ABAQUS Tutorial pdf
= E) [[] FRANC3D_V7_ANSYS_Tutorial.pdf
B bruce D FRANC3D_V7_Benchmark.pdf
] documents D FRAMC3D_V7_Brochure.pdf
1 f2d_exe [} FRANC3D_V7_NASTRAN_Tutorial pdf
21 f3d_classic_exe [ ] FRANC3D_v7_Reference pdf
21 F3D_w7_models [ ] FRANC3D_v7_Training_2015_handouts pdf
[Z1 FRANC2D_V4_Fxes
(21 FRANC3D V7 Exes
(21 FRANC3D_V5_Docs
[Z1 FRANC3D_V5_Exes
[Z1 FRANC3D_VB05_Exes
[Z1 FRANC3D_VE1_Exes | |

[Z1 FRANC3D_VE2_Exes
[Z1 FRANC3D_VE_Docs
=1 FRANC3D_V7_Docs
(1 franc3d_v7_docs
D misc
M
21 music
(71 on deskton =

File name: | File type: [*Files (".pdf," PDF) ~|

Cancel |

Figure 3.1.2 FRANC3D documentation file location dialog.

3.1.1 License Status

The second last menu item displays the License Status dialog, Fig 3.1.3, which shows the
current license expiration.

License Status

FRANC3D Version 8.2

License expires in 431 days
on 31-dec-2023

Close |

Figure 3.1.3 License status dialog box.

3.1.2 About Dialog

The last menu item displays the About dialog, which contains the version number, the build
number and date, acknowledgements, and a list of supporting agencies, Fig 3.1.4. We also
appreciate the help, support, and contributions of our users.
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FRAMCID Version 8.2

FRANC3D Version 8.2

Build number: 730
Revision date: Tue Oct 25 10:29:02 2022
Developed by Fracture Analysis Consultants, Inc.
(http:ifwww fracanalysis.com)
Partial funding provided by:
Air Force Research Labaratory
ATKIThiokol Propulsion
MASA Marshal Space Flight Center
Maval Air' Warfare Center

This software uses the FOX Toolkit Library
(hitp:itwwew fox-toolkit.arg).

Copyright (c) 2005-2022

Fracture Analysis Consultants, Inc.

Cloze |

Figure 3.1.4 FRANC3D About dialog box.

3.2 File

The File menu is shown in Fig 3.2.1. Each of the menu items is listed below.

File Edit Cracks
Qpen... CH-O
Waork Directory...
Close

Save As. .

Impaort...

Export...

Read Resulis...
Playback...

CQuit Ct-2

Fig 3.2.1 File Menu.
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Open ... - Displays an Open File dialog box that allows a user to read a FRANC3D restart file;
see Section 4.1.

Work Directory ... - Displays a dialog box that allows a user to set the working directory; see
Section 4.2.

Close - Closes the current model so that a new model can be read or imported; see Section 4.3.

SaveAs ... - Displays a Save File As dialog box, which allows a user to save the current model to
a FRANC3D restart file; see Section 4.4,

Import ... — Allows a user to import an uncracked FE model file. The file types that can be read
include: .cdb, .inp, .bdf. The .cdb files are ANSYS database files in ASCII format. The .inp
files are ABAQUS input files. The .bdf (or .nas) files are NASTRAN database files; see Section
4.5.

Export ... — Allows a user to export a FE model file. ANSYS .cdb, ABAQUS .inp and
NASTRAN .bdf file formats can be written; see Section 4.6.

Read Results ... - Invokes the Read Results File dialog; see Section 4.7.

Playback ... - Invokes the Playback Session File dialog, which allows a user to read in a session
log file and reproduce the commands in that file; see Section 4.8.

Quit - Closes the model and exits the program; see Section 4.9.

3.3 Edit

The Edit menu is shown in Fig 3.3.1. Each of the menu items is listed below.

File | Edit Cracks Loads

LInit Conversian...

Preferences...

Figure 3.3.1 Edit Menu.

Unit Conversion... - Invokes the Model Units dialog box; see Section 5.3.

Preferences... - Invokes the Preferences dialog box; see Section 5.4.

3.4 Cracks

The Cracks menu is shown in Fig 3.4.1. Each of the menu items is listed below.
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Cracks Loads Analysis
" Mew Flaw Wizard. .. i
Flaw From Files. .
Multiple Flaw Insert...

Compute SIFs..
Grow Crack...

Read Crack Growth...
Grow/Merge Cracks...

Edit Crack Geometry...

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

Figure 3.4.1 Cracks Menu.

New Flaw Wizard ... - Invokes the New Flaw wizard; see Section 6.1.

Flaw From Files ... - Invokes the Locate Flaw File dialog, described in Section 6.2, followed by

a subset of the New Flaw wizard. This option allows a user to select a flaw description from a
file, or from multiple files, and insert it into the current model. Note that one cannot insert a
crack into an already-cracked model.

Multiple Flaw Insert ... Invokes the Multiple Flaw wizard; see Section 6.3.

Compute SIF's ... - Invokes the Compute SIF's wizard; see Section 6.4. Note that
displacements from a completed analysis must be available for this option to be enabled.

Grow Crack ... - Invokes the Crack Growth wizard; see Section 6.5. Note that displacements
from a completed analysis must be available for this option to be enabled.

Read Crack Growth ... - Invokes the Read Crack Growth wizard; see Section 6.6.
Grow/Merge Cracks ... - Invokes the Crack Growth/Merge wizard; see Section 6.7.
Edit Crack Geometry ... - Invokes the Edit Crack Geometry dialog; see Section 6.8.
SIFs Along a Path ... - Invokes the SIFs Along a Path dialog; see Section 6.9.

SIFs For All Fronts... - Invokes the SIFs For All Fronts dialog; see Section 6.10.
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3.5 Loads

The Loads menu is shown in Fig 3.5.1. Each of the menu items is listed below.

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

Figure 3.5.1 Loads Menu.

Crack Face Pressure/Traction ... - Invokes the Crack-Face Tractions dialog; see Section 7.1.

3.6 Analysis

The Analysis menu is shown in Fig 3.6.1. Each of the menu items is listed below.

Analysis Fatigue  Fretting

Static Crack Analysis...
Crack Growth Analysis...

Figure 3.6.1 Analysis Menu.

Static Crack Analysis ... - Invokes the Static Crack Analysis wizard; see Section 8.1.

Crack Growth Analysis ... — Invokes the Crack Growth Analysis wizard; see Section 8.2.

3.7 Fatigue
The Fatigue menu is shown in Fig 3.7.1. Each of the menu items is listed below.

| Fatigue Fretting Display Advanc
Fatigue Life Predictions...
View/Edit Growth Parameters. ..
Crack Front Fatigue Values...

Figure 3.7.1 Fatigue Menu.

Fatigue Life Predictions ... - Invokes the Fatigue Life dialog; see Section 9.1.
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View/Edit Growth Parameters ... — Allows one to open a growth parameters file and then edit it;
see Section 9.2.

Crack Front Fatigue Values ... — Displays a plot of the crack growth data; see Section 9.3.

3.8 Fretting

The Fretting menu is shown in Fig 3.8.1. Each of the menu items is listed below. Note that the
Fretting menu is not turned on by default; it can be turned on in the Preferences dialog.

Fretting Display Advanced

Read model and results. .
Import nucleation data...
Fretting crack nucleation...
Region color...

Figure 3.8.1 Fretting Menu.

Read Model and Results ... - Invokes the Fretting Model Import wizard; see Section 10.1.
Import Nucleation Data ... - Invokes the Fretting Data Import wizard; see Section 10.2.

Fretting Crack Nucleation ... - Invokes the Fretting Crack Nucleation wizard; see Section
10.3.

Region Color ... - Invokes the Region Color dialog; see Section 10.4.

3.9 Display
The Display menu is shown in Fig 3.9.1. Each of the menu items is listed below.
Display Advanced

View Response...
Create Animation...

Figure 3.9.1 Display Menu.
View Response ... - Invokes the View Response dialog; see Section 11.1.

Create Animation ... - Invokes the Animation dialog; see Section 11.2.
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3.10 Single Crystal

The Single Crystal menu is shown in Fig 3.10.1. Each of the menu items is listed below. Note
that the Single Crystal menu is not turned on by default; it can be turned on in the Preferences
dialog.

SingleCrystal  Advanced
' Resolved Stress Intensities...

Res g = F3

Wiew Crystal Orientations...

Figure 3.10.1 Display Menu.

Resolved Stress Intensities... - Invokes the Resolved SIF's wizard; see Section 12.1. Note that
displacements from a completed analysis must be available for this option to be enabled.

Resolved SIFs Along a Path... - Invokes the Resolved SIFs Along a Path dialog; see Section
12.2.

View Crystal Orientations... - Invokes the Crystal Orientations dialog; see Section 12.3.

3.11 Electrical

The Electrical menu is shown in Fig 3.11.1. Each of the menu items is listed below. Note that
the Electrical menu is not turned on by default; it can be turned on in the Preferences dialog.

Electrical Advanced

Clartrnetstic Enarm _:..l..1.. O afo e
Electrostatic Energy Release Rates..

Figure 3.11.1 Display Menu.

Electrostatic Energy Release Rates... - see Section 13.1.

3.12 Advanced

The Advanced menu is shown in Fig 3.12.1. Each of the menu items is listed below.
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Advanced
Edges Wizard..
Display COD Data...
Write Template Data. ..
Export Crack Data...
Read User Extensions...
Initial Stress File_..
Initial Strain File. ..
Plot CFT Stress File. ..
Edit Retained Nodes. ..

Contour Integral Data. ..

Figure 3.12.1 Advanced Menu.

Edges Wizard ... - Invokes the Edge Extraction wizard; see Section 14.1.

Display COD Data ... - Invokes the Display COD Data dialog; see Section 14.2.

Write Template Data ... - Invokes the Write Template Data dialog; see Section 14.3.
Create Growth History ... - Invokes the Create Growth History dialog; see Section 14.4.
Export Crack Data ... - Invokes the Export Crack Data dialog; see Section 14.5.

Read User Extensions ... - Invokes the Read User Extensions wizard; see Section 14.6.
Initial Stress File ... - Invokes the Initial Stress File dialog; see Section 14.7.

Initial Strain File ... - Invokes the Initial Strain File dialog; see Section 14.8.

Plot CFT Stress File ... — Displays mesh-based crack face tractions; see Section 14.9.

Edit Retained Nodes ... — Invokes the Edit Retained Nodes dialog; see Section 14.10.

Contour Integral Data ... — Invokes the Contour Integral Data dialog; see Section 14.11.

4. File Menu Wizards and Dialog Boxes

The wizards and dialog boxes for the File menu options are described in this section.
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4.1 Open...Ctrl-O

The File —-Open menu option allows the user to read a FRANC3D restart file, with .fdb
extension. The Restart File dialog allows one to select a .fdb file, Fig 4.1.1.

Restart File

GE B |[:| ansys j

Directories X | | Files in C:\bruce\ansys

=Nl =&

[Z1 Autodesk D aft_psfa_ellipse_cft.fdb

=] bruce D aft_psfa_ellipse_cft_step_001.fdb
Hi ansys D aft_psfa_ellipse_cft_step_002 fdb
[} hg3z2 D aft_psfa_init_cft.fdb
| hg&4 D aft_psfa_loc_ell_cftfdb
= Reprise D aft_psfa_loc_ell_cft_step_001.fdb

[ | cygwinGd D aft_psfa_loc_ell_cft_step_002 fdb
21 Jane D aft_psfa_loc_ell_cft_step_003.fdb
# ] PerfLogs [ FaD_aft_psfa fdb

1 Program Files
] Program Files (x86)
® 1 Python27

# ] RegBackup

® 1 SIMULIA

# ] Temp

(] Users

&1 windows -
= DA

= EA

&R

& Gy =

File name: | File type: |FRANC3D Files (*fdb,* FDB) ]

Cancel |

Figure 4.1.1 Model File dialog box.

4.1.1 FRANC3D Restart (.fdb) Files

FRANC3D reads the contents of the .fdb file along with reading any files that are referenced
inside it. The .fdb file is organized in blocks, with each block having a title and version number.

The blocks and their content are summarized here:

F3D_V8.1 (

Uncracked FE file name, type, and retained data.
)

HISTORY_SUMMARY (

Summary of the crack step file names.

)

STATICMETA (

Analysis type, and input and results file names.

)
FLAWSURF (

Description of crack geometry: surface patches, crack front vertices, and template parameters.



Note that this block can be extracted and saved to a .crk file.

)

CRACKFRONTIDS (

List of crack front identifiers.

)

TEMPLATENODES {

List of crack front mesh template node ids.

}

TEMPLATENODECOORDS {

List of crack front mesh template node coordinates.

}

SIF_COMP_PARAMS (

Stress intensity factor computation parameters.
)

GROWTH_PARAMS (

Crack growth model parameters.

)

TEMPLATE_PARAMS (

Crack front mesh template parameters.

)

CRACKFACENODES {

List of crack face nodes with the local normal to the crack surface.

}
EDGE_EXTRACT_PARAMS (
Edge extraction parameters.

)
MESH_PARAMS (

Meshing parameters.

)
CRACK_GROWTH_DATA (

Crack growth history data.

)
UNITS (

Model units for length, stress, and temperature.

)
SUBMODEL_NODE_MAP (

Node id mapping between .fdb and FE model input.

)
SUBMODEL_ELEM_MAP (

Element id mapping between .fdb and FE model input.

)
SAVED_VIEWS {

List of saved camera positions.

¥

FRANC3D attempts to read all the files referenced in the .fdb file. If a file is missing, the user is
prompted to locate that file, Fig 4.1.2. Note that FRANC3D needs to access the original
uncracked FE model files as well as files associated with the current crack growth step.
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B ' Locate the file test.cdb

Directory:lD ansys_cube j R 4 oFle
0. [ test_STEP_005.cdb
[ full_scube [] test_STEP_006.cdb
| loadsteps D test STEP_007.cdb

D small_cube_cutout.cdb
[ small_cube_outer.cdb
[ test_cdn

[ test_STEP_001.cdb

[ test_STEP_002.cdb

[ test_STEP_003.cdb

[ test_STEP_004.cdb

File Name: |+ oK |
File Filter: [Mesh Files (*.cdb,*.CDB) >  cancal |

Figure 4.1.2 Locate File dialog box for finding missing files.

4.2 Work Directory

The File -Work Directory menu item allows the user to set a current working directory to save
subsequent analysis files. The dialog, Fig 4.2.1, allows one to select the desired folder; press
Accept once the folder is highlighted. This should be done first to ensure the session log and
other files are saved to this folder.

-
Set the current working directory:

& » |DAnsys ﬂ New Directory

Directories X | | Files in C:\Temp\Cube\Ansys
= C ~lz.
=] Autodesk
# [ bruce
# 1 cygwing4
# [ Jane
# (] PerfLogs
@] Program Files
(] Program Files (x86)
(] Python27
] RegBackup
#C0 SIMULIA
=0 Temp
[} AnisotropicThickPlateShear
[ | AnisotropicThickPlateTension
| Brueggert
# 1 CenterThruCrackPlate
# 1 CornerCrackHolePlate
=1 cube
] Abagus
=i Ansys
# ] Cube_test_rings
] Mastran =l

Directory name: [C:\TempiCube\nsys

Cancel | Accept |

Figure 4.2.1 Set Working Directory dialog box for setting the current directory.
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4.3 Close

The File —Close menu item closes the current model without quitting FRANC3D. If a model is
open and has not been saved, the Save Model Warning dialog, Fig 4.3.1, is displayed. If the

user wishes to save the model, the Cancel button can be selected. Selecting the OK button will
close the model without saving.

Save Model Waming

Model has not been saved.
Select OK to Close.

Cancel |

Figure 4.3.1 Save Model Warning dialog.

4.4 Save As...

The File —Save As menu item can be used to save the FRANC3D restart (fdb) file of a cracked
model if the user does not want to perform an immediate analysis of the model. In addition to
the .fdb file, a FE analysis file will be saved; the FE file type will be the same as the original
input file type. The user is prompted to enter the .fdb file name, Fig 4.4.1, and press Accept.

Save File As

@ B |[:| Ansys j New Directory

Directories X | | Files in C:\Temp\Cube\Ansys
=X = | [

1 Autodesk D Ansys_Cube_crack fdb

1 bruce [ Ansys_Cube_sub fdb

# 1 cygwing4 [ Ansys_cube_sub_STEP_001.fdb
1 Jane D Ansys_Cube_sub_STEP_002.fdb

1 PerfLogs

[ Program Files

21 Program Files (xB6)

(21 Python27

Z1 RegBackup

(3 siMuLIA

= Temp
1 AnisotropicThickPlateShear
1 AnisotropicThickPlateTension
1 Brueggert
1 CenterThruCrackPlate
& 1 ComerCrackHolePlate
=1 Cube

Z1 Abaqus

[Z1 Cube_test_rings
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Figure 4.4.1 Save File As dialog.
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Note that the files saved with the Save As option can differ from the files saved with the Static
Crack Analysis and Crack Growth Analysis options (see Section 8). The Save As option does
not write the merged local-cracked + global FE file.

4.5 Import...

The File —Import menu item is used to import initial uncracked FE models into FRANC3D.
The dialog shown in Fig 4.5.1 is presented. The user can choose: 1) import a complete model
into FRANC3D, 2) import and divide so that FRANC3D works on a local submodel, or 3)
import an already divided model. Depending on the radio button that is chosen, different dialogs
will be displayed next.

r =

Select Type of Import

Model Import Type
" Import a complete model.

= Import and divide into global and local models.
(highly recomonded for large andior complex models)

" Import an already divided model.

Cancel | Bac | Mext

e

Figure 4.5.1 Select Model Import Type dialog.

4.5.1 Import a Complete Model

The dialog shown in Fig 4.5.2 is displayed. The user chooses the FE model type: ANSYS,
ABAQUS or NASTRAN using the radio button at the top. If ANSYS is chosen, the user can
also check the Extra load files box, if ANSY'S load step files (.s##) are to be imported as well.

If the ANSYS Extra load files box is checked, the dialog shown in Fig 4.5.3 is displayed. The
user can select one or more .s## files. Use the Shift or Ctrl key to select multiple file names.
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Figure 4.5.2 Select Model to Import dialog.
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Figure 4.5.3 Select ANSYS Extra load step files dialog.



Once the FE model file has been selected, the Select Retained BC Surfaces dialog is displayed,
Fig 4.5.4. Any surface that has boundary conditions will be highlighted in blue. These surfaces
can be selected using the Select All button, and the blue surfaces will become red. Node sets,
element surface sets and surfaces can also be displayed using the Show Node Sets, Show Surf
Sets and Show Surfaces buttons; these buttons allow sets/surfaces without boundary conditons
to be retained.

Note that cracks cannot be inserted into or propagated into a surface mesh that has been retained.
If a surface has boundary conditions and a crack must be inserted into this surface, do not retain
the mesh facets on this surface; the boundary conditions will be transferred to the remeshed
surface. If a crack will not be inserted into a surface with boundary conditions, it is more
efficient and more exact to retain the mesh so that boundary conditions are transferred directly.

Select Retained BC Surfaces
Select All Display
Unselect Al :: :}d:;;err:
*‘:z"’ ¥ Paolygons
<
ST i
e T
...‘i%i::::::i:ﬂi (reset) ()
T
NUNRNARENY
H..H..H.-H" Save | Read
.I.. I..Il,-l
SNSRRRNNGas SmEo
.. HHHHHHHH' View Options
Show Node Sets i ..==='- Recenter
y Capture
Show Surfaces ’—_.|_x |"'| @
Read Retained File
Shift+Click to select surfaces Cancel | Back | Mext

Figure 4.5.4 Select Retained BC Surfaces dialog.

4.5.2 Import and Divide Model

If the user chooses to import and divide, the first dialog that is presented is the same as that
shown in Fig 4.5.2. Once the model file has been selected, the Submodel tool is displayed, Fig
4.5.5. There are options for selecting a portion or portions of the model, and these are described
in the subsections below. Once a sub-model is defined and cropped, press Next and this will
lead to the Select Retained BC Surfaces dialog (see Fig 4.5.5) if the sub-model has boundary
conditions or sets/surfaces.
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Define a Local Submodel
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Zz

Ccancel Back |[ Nem

Figure 4.5.5 Define a Local Submodel dialog.

4.5.2.1 Cropping Selection Options

The first setting in the Cropping Options allows one to specify which ‘side’ of the selection plane
or box is selected. The top row of radio buttons in Fig 4.5.6 lets one choose the ‘left’ or ‘right’
side (Fig 4.5.7); this is straightforward to describe when using the planar options below, but it
also applies to the other options. For instance, when using the Rubberband Box, the selection
will be either inside or outside of the rubberband box depending on which radio button is

selected.

The second row of radio buttons allows one to select elements with either one or all nodes of the
element collected. Fig 4.5.8 shows a case where the cutting plane is half-way through the
elements; choosing the first option includes these cut-elements, while choosing the second option

discards the elements that are cut.

Note that selected elements are colored red.

Cropping Options
¢ O c

Retain if & One ModeIn ¢ All Modes In

Figure 4.5.6 Cropping Options selection options dialog.
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Figure 4.5.8 Selection based on Retain if: ‘one node in” and ‘all nodes in’ selection.

4.5.2.2 Relative to a principal plane

The first crop-type allows one to define a plane that is aligned with the Cartesian axes, Fig 4.5.9.
The plane can be offset from the origin, and the elements on either the ‘left’ or ‘right’ side of the
plane are selected. In this case and in all cases below, the radio buttons at the top (see Section
4.5.2.1) are set to the defaults, which means left-side selection and one-node-in, Fig 4.5.10.

{* Relative to a principal plane
CXY O ¥E O OFX

Offset I 45 Sele::tl

Figure 4.5.9 Relative to principal plane cropping option.
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Figure 4.5.10 Selection based on offset YZ principal plane and left-side selection.

4.5.2.3 Plane normal and offset

The second crop-type allows one to define a plane that is normal to the unit vector defined by the
X, y and z coordiantes, Fig 4.5.11. The plane can be offset from the origin. Fig 4.5.12 shows a
plane that is normal to the vector (1,0,0), which is the same as the YZ principal plane in Section

45.22.

{* Plane normal and offset
X Y £

Normal:l 1 | 0 | 0
Offset: | a9 Sele::tl

Figure 4.5.11 Plane normal and offset cropping option.
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Figure 4.5.12 Selection based on a plane normal and offset.
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4.5.2.4 Plane from three points

The third crop-type allows one to define a plane based on the selection of three points, Fig
4.5.13. The user presses the Select button for each point, and then uses the (cross) cursor to pick
the point; three points of a triangle define the plane. Fig 4.5.14 shows the second (blue) point
that was selected here. Fig 4.5.15 shows the resulting plane that was created by picking 3 points
at x=5 coordinates; this is the same as the YZ principal plane in Section 4.5.2.2.

i Plane from three points

Point1: Select| I 2: Select| M 3 Select| M

Figure 4.5.13 Plane from three points cropping option.

Figure 4.5.14 Second (blue) selected point used to define a plane.
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Figure 4.5.15 Selection based on a plane from three points.

4.5.2.5 Rubberband box

The fourth crop-type allows one to define a box or cylinder, Fig 4.5.16. The user selects the
Rectangular or Circular radio button, presses the Define button, and then uses the left-mouse
button to drag the outline of a box or cylinder on the screen, Fig 4.5.17. The right-side image in

Fig 4.5.17 is rotated to show the box.
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Figure 4.5.16 Rubberband box cropping option.
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Figure 4.5.17 Selection based on a rectangular rubberband box.

4.5.2.6 Element by element

The fifth crop-type allows one to select (or unselect) individual elements, Fig 4.5.18. The user
presses the Select button and then uses the left-mouse button to select elements one at a time,
Fig 4.5.19. The default is to have all elements pre-selected and the Select button actually turns
off the selection, while the Unselect button re-selects the element.

& Elementby-slement Select| Unselect|

Figure 4.5.18 Element-by-element cropping option.
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Figure 4.5.19 Selection based on element-by-element picking.
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4.5.2.7 By material

The sixth crop-type allows one to select elements based on the material id, Fig 4.5.20. The user
selects the material id # after pressing the Select button. The model in Fig 4.5.21 has two

materials and material 1 is selected.

{* By Material Seledl

Figure 4.5.20 By material id cropping option.
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Figure 4.5.21 Selection based on material id.

4.5.2.8 By element group

The seventh crop-type allows one to select elements based on an element group name, Fig
4.5.22. The user selects the label after pressing the Select button. The model in Fig 4.5.23 has

several element groups, one of which has been selected.

For ANSYS, element groups are defined by ‘CMBL’ data in the .cdb file, and for ABAQUS, the
‘ELSET’ data in the .inp file defines the groups.

& By Element Group

Figure 4.5.22 By element group label cropping option.
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4.5.2.9 Retained from file

Figure 4.5.23 Selection based on element group label.

The final crop-type allows one to select element id’s from a file, Fig 4.5.24. The user presses the

Browse button to display the file selection dialog, Fig 4.5.25. This option is useful for re-
selecting elements that were selected during a previous import. The .txt file is ASCII and
contains a list of element ids; a range of ids is specified using a dash. Fig 4.5.26 shows the

selected elements that were identified in the .txt file.
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Figure 4.5.24

Retained from file cropping option.
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Figure 4.5.25 Retained element id file selection dialog.
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Figure 4.5.26 Selection based on element ids provided in an ASCII .txt file.

4.5.2.10 Crop, Undo and Redo

The three buttons near the bottom on the left side perform the actual cropping. Once the
selection has been made using one of the options above, the selected elements are cropped by
pressing the Crop button, Fig 4.5.27. The un-selected elements are removed. The user can
Undo or Redo the cropping. Multiple selections and crops can be performed in sequence.
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Figure 4.5.27 Crop button pressed to remove the un-selected elements.

4.5.2.11 Reference Point

The Reference Point button, next to the Crop/Undo/Redo buttons, allows you to specify a

reference point, using either a node id or Cartesian coordinates, for the center of rotation, Fig
4.5.28. The reference point is displayed using a red dot. Double-click the (reset)(d) camera

position to reset to the default.
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Figure 4.5.28 Reference Point dialog to set the rotation center.

4.5.2.12 Show elems and Show outline

The Show elems option at the bottom turns on or off the display of element edges, Fig 4.5.29.
For some models, with many elements or with very refined meshes, the element edges can
obscure the element selection. Un-checking this box turns off the black element edge coloring,
which should make the red-colored elements more visible. The Show outline option is useful
when selecting interior elements as it shows the exterior outline of the model.
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Figure 4.5.29 Show elems option.

4.5.2.13 Show beam and shell elements for reference

The Show beam and shell elements option at the bottom turns on or off the display of shell or
beam elements, Fig 4.5.30. Shell and beam elements cannot be selected; they automatically are

added to the global portion of the model.
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Figure 4.5.30 Show beam and shell elements option.

4.5.3 Import Already Divided Model

If the user has model files that have already been subdivided, the dialog shown in Fig 4.5.31 is
displayed, which allows the user to select the global and local model files. These can be files
created by FRANC3D (as in Section 4.5.2) or can be files created by the user using the FE
analysis software. There is no option to select “extra load files”; all load step information must
already be included in the local and global FE files.

Specify the Files

Mesh File Type
& ANSYS & ABAQUS  MASTRAM

Mesh File Names

Global File: I Browse

Local File: I Elrowsel

[ext

Cancel | Back |

Figure 4.5.31 Select Global and Local files dialog.

4.6 Export...

The File —Export menu item can be used to save the FE model data without saving the
FRANC3D .fdb file. The dialog shown in Fig 4.6.1 is presented; the user selects the analysis FE
model type and enters the file name. This option can be used to convert FE model files from one
type to another. FRANC3D now passes as much of the original FE data through as possible,
thus it might only be the solid elements and nodes that are converted correctly.
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Enter a file name
Mesh File Type
@ ANSYS  ABAQUS ¢ NASTRAN I™ We
Mesh File
E B I[:| Ansys ﬂ New Directory
Directories * | | Files in C:\Temp\Cube\Ansys
= Ca =13
1 Autodesk D Ansys_Cube.cdb
1 bruce [ ] Ansys_Cube_crack cdb
a cygwingd D Ansys_Cube_GLOBAL.cdb
1 Jane [ Ansys_Cube_LOCAL cdb
1 PerfLogs ] Ansys_Cube_sub cdb
a Program Files D Ansys_Cube_sub_full.cdb
1 Program Files (x86) D Ansys_Cube_sub_STEP_001.cdb
# 1 Python27 [ ] Ansys_Cube_sub_STEP_001_full cdb
a RegBackup D Ansys_Cube_sub_STEP_002.cdb
1 simunia I D Ansys_Cube_sub_STEP_002_full.cdb
EICT Temp ] Ansys_Cube_sub_STEP_003 cdb
[ AnisotropicThickPlateShear D Ansys_Cube_sub_STEP_003_full.cdb
(Z1 AnisotropicThickPlateTension D Ansys_Cube_sub_STEP_004.cdb
# 1 Brueggert [ ] Ansys_Cube_sub_STEP_004_full cdb
21 CenterThruCrackPlate D Ansys_Cube_sub_STEP_005.cdb
Z1 ComerCrackHolePlate D Ansys_Cube_sub_STEP_005_full.cdb
=11 cube ] Ansys_Cube_sub_STEP_00E cdb
[ | Abagus D Ansys_Cube_sub_STEP_006_full. cdb
=g [ junk.cdb
21 Cube_test_rings
["1 Nastran =l
File name I.‘\nsys_CuDe_EXF’ORT File type Il\ﬂsys Files (*.cdb,*.CDB) b
Cancel | Bac | Finish "

Figure 4.6.1 Export Model File dialog.

4.7 Read Results

The File —Read Results menu item invokes the dialog shown in Fig 4.7.1, which allows the
user to choose the analysis results file to be read.

For ANSYS, the results file be a .dtp file that is created using the FRANC3D generated ANSY'S
macros. The .dtp file will contain displacements, temperatures if those are not equal to the
reference temperature and contact pressures on crack surfaces if such exist.

For ABAQUS, the results file will be a .dtp file, which is created using the FRANC3D generated
ABAQUS Python script. The .dtp file will contain displacements, temperatures if those are not
equal to the reference temperature and contact pressures on crack surfaces if such exist.

For NASTRAN, displacement results will be contained in a NASTRAN generated .pch file.
Temperatures and contact pressures are not included in the .pch file. Temperatures are based on
the applied temperatures. Contact pressures are not available, so NASTRAN users should not
rely on M-integral or VCCT SIFs if crack face contact is included in the analysis.

The Do Map Results option is on by default. A user can turn it off if they have manually
combined the ANSYS local and global .cdb files in ANSYS WorkBench to run the analysis.
This is the only known use-case for turning off the mapping. FRANC3D stores the node and
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element ID mapping for the local cracked mesh in the .fdb file, and the FE analysis results are

mapped back into FRANC3D based on this mapping.

Results File

(Z1 f2d_classic_exe
= 1 F3D_v71_modsls
& (] BenchMarks
=[] Tutorials
(1 Cube Load Cases Tutorial 2 -
1 Cube Tutorial 1
1 Cubes Glued Tutorial 3
(1 Dent Tutorial 10
1 Disk Tutorial 4
(Z1 Fretting Tutorial 7
=1 Manu Tuterial 6

[ Ansys
& (] Nastran
(1 Plate Tutorial 5
(1 Session Python Tutorials 8 and 9 LI

<a =y |1 Abagqus -
Directories X [ | Files in E:\bruce\F3D_v71_models'Tutorials\Manu Tutorial 8\Abaqus
= c 0.
= D D manu_STEP_048_full.dtp
= E
=] bruce
(1 documents
(21 f2d_exe

File name I

¥ Do Wap Resulis

File type: }s Results(*.dtp,*. DTP,"fil,“FIL*.rpt.* RPT) x|

Cancel

Figure 4.7.

4.8 Playback....

1 Read results file dialog.

The File —»Playback menu item allows playback of recorded session (log) files. Each time the
FRANC3D program is executed, a session##.log file is saved. This file records the commands

that the user executes using the menus and dialogs. A sample .log file might look like this:

OpenMeshModel (
model_type=ANSYS,
file_name='C:\cube\cube.cdb’,

retained_nodes_file="cube  RETAINED.txt'

)

InsertFileFlaw (
file_name='C:\cube\cube_05.crk")

RunAnsysAnalysis (

file_name='C:\cube\cracked_cube’,

flags=[QUADRATIC],

executable="C:\ANSYS Inc\v121\ansys\bin\WINX64\ANSY S150.exe’,
command=""C:\ANSY'S Inc\v121\ansys\bin\WINX64\ANSY S150.exe" -b -p
struct -i "C:\cube\cracked_cube.macro" -0 "C:\cube\cracked_cube.out

license=struct)
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ComputeSif (
do_press_terms=true)

CloseModel()

A complete description of the FRANC3D command language is provided in the FRANC3D
Command Language & Python Extensions document.

Selecting the Playback menu item invokes the Playback Session File dialog, Fig 4.8.1. The

user selects the desired session file and then presses Accept. FRANC3D will read and execute
the commands from the session file.

.
playback session file

@ = [0 Abaqus -

Directories X | | Files in C:\Temp\Cube\Abagus
= Allc.

(1 Autodesk [] sessiond1.log
7 bruce D session02log
x| cygwingd D session03.log
1 Jane [ sessionD4log
=[] PerfLogs D session05.log
[ ] Program Files D session06.log
(1 Pragram Files (x86) [1 sessiono7log
@ (1 Python27 [] sessionnélog
w0 RegBackup D session09log
1 siuLIA i

=1 Temp

[ AnisotropicThickPlateShear

[ ] AnisotropicThickPlateTension

1 Bruegagert

[ CenterThruCrackPlate

& (] ComerCrackHolePlate

=21 cube
[2f=] Abaqus
(1 Ansys
(Z1 Cube_test_rings
("1 Nastran |

File name: I

Cancel |

File type |Sessiun Files (*.log,*.LOG) j

Figure 4.8.1 Playback session file selection dialog.
The Fatigue menu options currently do not support session log commands.
4.9 Quit - Ctrl-Q

The File Quit menu item exits FRANC3D. The Save Model Warning dialog (see Fig 4.3.1)
will be displayed if the model has not been saved.
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5. Edit Menu Wizards and Dialog Boxes
The wizards and dialog boxes for the Edit menu options are described in this section.

5.1 Unit Conversion...

Selecting the Edit —Unit Conversion menu item invokes the Model Units dialog, which allows
one to set the FE model units for length, stress, temperature and time, Fig 5.1.1. The units are
used to label plots, and they are important when defining the crack growth model where
additional material data is entered that is not typically part of the FE model. The original FE
units can be set whenever you import a new model, but the display units will be based on your
choice here.

FRANC3D will do unit conversions when matching the crack growth material data with the FE
model results to compute crack growth or fatigue cycles.

Model Units
Units used in FEM model Units used for display
* Sl units {* Sl units
Length: T mm T m & other Length: * mm C m  other
Stress: " MPa T Pa & other Stress: # MPa " Pa  other
Temperature; O C " K & other Temperature: & C K other
" LS customary units ™ US customary units
T o - =
T i o . . &
- o . =
Units of time: Units of time:
 sec  min ¢ hour ¢ day ¢ year © other  sec  min  hour  day ¢ year { other
Cancel Accept

Figure 5.1.1 Model Units dialog.

If you consistently use the same set of units, those can be set in the Preferences, which is
described in the next section.

5.2 Preferences...
Selecting the Edit —Preferences menu item invokes the Preferences dialog, which allows one

to set program-wide configurations, Fig 5.2.1. These preferences are stored in a database that is
read when FRANC3D is started. Some settings might not take effect until the program is
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restarted, so if you change settings, it is best to quit and restart. The Preferences dialog has ten
tabs, which are described next.

General 1] General 2| Window | 3D View | Ansys | aBaqus |NASTRAN] Meshing | Adtesn | units |

Fallback Directory: |C:xbruce Browse
Help File Directory: |C:\U5ers‘nbrun:e‘nDesktop‘.franch_vBD_docs Browse

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

™ Double size graphics for high resolution screens

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

FRAMC3DIRLM License: [ Release license during FE analysis

MNASGRO user defined XML material library

Library File: Browse

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

Figure 5.2.1 Preferences dialog with General tab displayed.

5.2.1 General 1 Tab

In the General 1 tab, one can set the default work and help file directories (see Fig 5.2.1) and
other generic settings.

The Fallback directory is the folder where the model files will be read from and written to by
default if a work directory is not set or if it is invalid. The work directory should be set using
File -Work Directory.

The Help File directory is the top-level directory for the documentation, described in Section 3.1.
Documentation is accessed from the Help menu.

The Suppress directory... option might be needed by users that must access network-mounted
drives/directories. If you find that FRANC3D is taking significant amounts of time to list
files/folders when opening/saving, try turning this option on.
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The Double size graphics... option might be needed by users with a very high-resolution display.
Turning this on will double the size of the graphics, so the user might have issues displaying
dialogs or plots for standard resolution displays.

The Available FE Input check box allows one to turn off GUI support for a FE program. For
example, if you will only be using ABAQUS, turn off ANSYS and NASTRAN to limit the
options when importing/saving/analyzing.

The Default FE Input radio button sets the user’s default FE model type for importing a new
model (see Section 4.5). For example , if you have both ANSYS and ABAQUS but mostly use
ABAQUS, you can set the default to ABAQUS to simplify import and analysis.

The FE Input Checks option allows a user to check the FE model for potential errors/issues when
importing. Turning this option on will alter the import dialog by adding an extra option, Fig
5.2.2. Press the Choose Checks button to turn on/off specific checks, Fig 5.2.3. The options are
described in Section 5.4 of the User’s Guide. In general, one should not need to run these
checks, but if there are errors during crack insertion/meshing, the user can check the input FE
model for errors before sending a bug report.

Select Input Mesh File

Mesh File Type
" ANSYS ¢ ABAQUS  MASTRAM
S e e

(@ onFEInput Choose Checks | D
~

Mesh File

@ B |[:| Abagqus
Directories X | | Files in E\F3D_v7_models\Benchiarks\Sne
=1 =G
= D [ ] snedden_uncracked.inp
= En [] sneddon_uncracked_unloaded.inp

=1 F3D_w7_models
1 AbagusTests
[C1 AnsysTests

Figure 5.2.2 Import dialog with FE Input Checks turned on.

Check Mesh Options
¥ Check for doubled nodes and elements:
¥ Check for doubled elements (using same nodes):
¥ Check for bad aspect ratio on element faces:

¥ Check for dangling (isolated) elements:

Cancel | Accept |

Figure 5.2.3 FE input checks.
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The Release license... option allows one to turn off the license-release during the FE analysis.
Typically, before the FE analysis starts, FRANC3D will release its license so another instance of
the software can be used. If there are issues releasing and/or retrieving the license after the FE
analysis has finished, this option can be turned off.

The NASGRO user defined XML material... option allows one to specify an .xml file containing
NASGRO material data. An .xml file can be exported from NASGRO. The file can be used
during subcritical crack growth and fatigue life computations.

5.2.2 General 2 Tab

The General 2 tab, Fig 5.2.4, provides the option to disable the Fretting and Single Crystal
menus. Symmetry crack capabilities can be turned on/off. There are additional settings for
saving timing output and Python rerun scripts.

Preferences

General1§ 2 Window | 3D View | ANSYS | ABAQUS | NASTRAN| Meshing | AdviMesh Units

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

W Turn on fretting menu and options

I Tumn on single crystal menu and options

I Tumn on electrical menu and options

I Generate Python rerun scripts

W Turmn on symmetry crack option

I Use old volume meshing algorithm

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

Figure 5.2.4 General 2 preferences tab.

There are two options for On exit send timing...; the first sends information to the terminal (or
CMD) window and the second sends information to a timing.txt file. If a user wants to
understand where time is spent during a crack growth simulation, these options will provide
insight.
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The Turn on fretting menu... will make the Fretting menu available in the FRANC3D main
menu. If you do not use the fretting module, you can turn it off.

The Turn on single crystal menu... will make the Single Crystal menu available in the
FRANC3D main menu. If you do not use the single crystal module, you can turn it off.

The Turn on electrical menu... will make the Electrical menu available in the FRANC3D main
menu. If you do not use the electrical module, you can turn it off.

The Generate Python rerun scripts is used to save Python scripts that are equivalent to the session
log commands.

The Turn on symmetry crack... turns on the option to “insert” symmetry surface cracks in the
flaw insertion wizard; see Section 6.1.

The Use old volume meshing algorithm... switches back to the prior volume meshing algorithm.

5.2.3 Window Tab

In the Window tab, one can set the font and colors used in the graphical user interface windows,
Fig 5.2.5. The GUI font Select button will pop up a dialog box that allows one to select from the
available fonts, Fig 5.2.6.

Clicking any of the color swatches (colored rectangles) will pop up a dialog box, Fig 5.2.7,
which allows one to select a new color.

The GUI Equation Display option lets one adjust the equation scaling and display. Different
graphics settings and monitors might display the equations or plot labels differently. These
settings might help improve the display.

The Startup Window Size can be set by editing the width and height, or by selecting the Current
button, which will measure the current window and then update the numbers.

The Defaults button restores all values to default settings.
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General 1| General2 Window | 3D Vview | ANSYs | aBaaus | NaSTRAN| Meshing | Aavitesh |  Units

GUI Font Seled]

Border Color _

Base Color l:l
Background Color |—| Defaultsl

Forground Calar

Selection Foreground l:l

Selection Background

GUI Equation Display:
equation size scaling factor: I 115 %
™ gamma correct equations

Startup Window Size:

width: 900 height:l 675 Currentl Defaultsl

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

Figure 5.2.5 Window tab of Preferences dialog.

s ~
Font Selection

Eamily: Weight Style: Size:
I@Arial Unicode MS |n0rma| regular

@Batang

@BatangChe
@DFKai-SB
| |@Dotum

ENntmCha = = s
Character Set: Set Width: Pitch:
IAny j I.Any j IAny j Scalable: ™

Preview:

ABCDEFGHIJKLMNOPQRSTUVWXYZ
W abcdefghijklmnopgrstuvwxyz
0123456789

Cancel | Accept

Figure 5.2.6 Font selection dialog.



1| New Color liz-J

A

s,

(AnE B Bl B Gnini-l B 0 Bel B BBl B 0 Nl Bl

Figure 5.2.7 Color selection dialog.

5.2.4 3D View Tab

The 3D View tab is used to set the combinations of mouse buttons and keyboard keys that are
used to invoke the view and select functions, Fig 5.2.8. One should ensure that each function has
a unique set of buttons and keys. The view manipulations are described in Section 2.

Preferences
General 1] General 2| Window ! :EI ansys | aBaaus | nasTRAN| Meshing | Adviesh | Units |
Button Key Modifiers IDUEIEEE
L MR W shift cntl alt Reverse Sense EackgroundCoIorl:I
Rotate ccocc o Vector Color _
Pan [ U e I I
Polygon Color l:l
Zoom [l el I o i i r
Marker Color _
Spin [ S O S I I
1strighight || |
Select [l i i S
4 s s anaHighignt [ ]
Group Select & O O C W W [ 3rd Highlight I:I
Front Clip [l I ol o 2 i r Line width: |—1
: Defaultsl
Back Clip [ S O G v I r
View Projection: © Perspective & Orthotropic Defaultsl
Some settings might not take effect until the program is restarted. Accept | Cancel

Figure 5.2.8 3D View tab of Preferences dialog.

The L, M, R and W correspond to the left, middle, right and wheel buttons of the mouse. Note
that the Ctrl-key plus a left mouse button click provides a quick center of rotation selection.

52



The Defaults button (next to View Projection) restores all values to default settings. Rotate, pan,
zoom and the front and back clipping options were described in Section 2.1. The Select option is
used by the Flaw Editor (see Section 6.1.11).

In addition, the color settings in the Window tab, there are additional 3D view colors that can be
set. Clicking any of the color swatches will pop up a dialog box (see Fig 5.2.7), which allows
one to select a new color. The line width can be set also; the default is 1, but this value can be
increased for thicker lines. The program can be restarted, or the model reread for these settings
to take effect.

The Defaults button (next to Line width) restores all view colors to the default settings.

5.2.5 ANSYS Tab

The ANSYS tab allows the user to set default ANSY'S analysis parameters, Fig 5.2.9.
Configuration details that do not change frequently, such as the path to the ANSY'S executable
and the license type can be set here. These values will then appear as default values for every
ANSYS analysis.

Ansys Executable stores the path to the ANSYS executable program. The Browse button will
pop up a file browser that can be used to locate the program; Fig 5.2.9 shows the ANSYS
executable for ANSYS 2021.

License Type stores the ANSYS license type. Many ANSYS license strings have been encoded
here. If you have a license string that is not included, you can add your string to the FRANC3D
resource file. There is a franc3D.ini (or .franc3d.rc for Linux) file in the user’s home folder.
This file can be edited. Look for the [f3d_ansys] block and change the license string:

[f3d_ansys]

executable="C:\\Program FilesWANSYS Inc\\v192\\ansys\\bin\\winx64\\ANSY S192.exe"

license=ansys

Job Name allows one to specify an ANSYS ‘job’ name.

Total and Database Memory options allow one to set the amount of memory that will be
requested on the ANSYS command line (see ANSY'S documentation for details).

Number of Processors is self-explanatory. The Use mpi option can be turned on for HPC license
installations and analyses.

Add to command allows the user to add extra options to the ANSYS command line.

Include full path in file names adds the path to any file name for the ANSYS analysis files
written by FRANC3D. Note that this option is usually needed if the analysis files are not all in
the same folder.
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Delete unnecessary analysis files allows FRANC3D to delete ANSYS analysis files that are not
needed by FRANC3D. The ANSYS .db and .rst file are not deleted so that one can use ANSYS
to visualize the model and results. Note however that these two files can be regenerated by
rerunning the analysis.

Output results allows one to limit the amount of output that is written to the .dtp file from
ANSYS. The default is to save results for all nodes of the local cracked submodel portion for the
last substep of each load step.

Preferences

General 1] General 2| window | 3D View | "] ABaQUS | NASTRAN| Meshing | Adesh | units

ANSYS Executable: FS\ANSYS Incw212\ansys\binwinx54\ANSYS212 exe | Browse

AMSYS License: |ansys -

JobMame: @ none  cdbname ¢ specify jobname: |

Total memory: o Database memory: 0 (0lets ANSYS choose)

Mumber of processors: 2 [~ Use mpi: & t'"

™ Add to command: |

™ Include full path in file names

¥ Delete unnecessary analysis files

Output results: & lastsubstep  every substep

CQutput results: © full model & submodel ¢ template

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

Figure 5.2.9 ANSYS tab of Preferences dialog.

5.2.6 ABAQUS Tab
The ABAQUS tab allows the user to set default ABAQUS analysis parameters, Fig 5.2.10.
Abaqus Executable stores the path to the ABAQUS executable program. The Browse button

will pop up a file browser that can be used to locate the program. For MSWindows, choose the
abaqus.bat file from the ABAQUS Commands folder.

Number of Processors is self-explanatory.

Include full path in file names adds the path to any file name for the ABAQUS files written by
FRANC3D. Note that this option is usually needed if the analysis files are not all in the same
folder.
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Delete unnecessary analysis files allows FRANC3D to delete ABAQUS analysis files that are
not needed by FRANC3D. The ABAQUS .odb file is not deleted so that a user can use
ABAQUS CAE to visualize the model and results. Note that this file can be regenerated by re-
running the analysis.

Ask: ‘Old job files exist. Overwrite? (y/n)’ disables the ABAQUS prompt.

Output results allows one to limit the amount of output that is written to the .dtp file from
ABAQUS. The default is to save results for all nodes of the local cracked submodel portion for
the last frame (substep) of each load step.

Preferences

| nasTRAN] Meshing | Adaesh | units

ABAQUS Bxecutable: [abaqus bat Browse
Mumber of processors: ,71

™ Include full path in file names

WV Delete unnecessary analysis files

[T Ask 'Old job files exist. Overwrite? (yin)

Cutput results: @ lastframe ¢ everyframe

Cutput results: © full model & submodel © template

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

Figure 5.2.10 ABAQUS tab of Preferences dialog.

5.2.7 NASTRAN Tab
The NASTRAN tab allows the user to set default NASTRAN analysis parameters, Fig 5.2.11.

NASTRAN Executable stores the path to the NASTRAN executable program. The Browse
button will pop up a file browser that can be used to locate the program.

Crack front elements allows one to choose quarter-point or mid-side node locations for the crack
front wedge elements. Mid-side nodes might be required for NX NASTRAN.
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Include full path in file names adds the path to any file name for the NASTRAN files written by
FRANCS3D. Note that this option is usually needed if the analysis files are not all in the same
folder.

Delete unnecessary analysis files allows FRANC3D to delete NASTRAN analysis files that are
not needed by FRANC3D.

Preferences

General 1] General 2| window | 2Dview | ansys | aBaous NA | Meshing | Adwesh | Units

MNASTRAN Executable: bgram Files\Siemens\SimcenterMastran_2020.1\bin\nastran.exe| Browse
Crack front elements: & quarter point © midside nodes
[ Include full path in file names

¥ Delete unnecessary analysis files

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

Figure 5.2.11 NASTRAN tab of Preferences dialog.

5.2.8 Meshing Tab

The Meshing tab allows the user to set default meshing parameters, Fig 5.2.12. The options are
listed here.

Max volume elements sets a limit on the number of volume elements FRANC3D can generate.

Max backtrack restarts sets a limit on the number of FRANC3D volume meshing attempts. If
the volume meshing gets stuck, the program will backtrack and restarts.

Do coarsen crack mouth turns on/off the mesh coarsening along the crack mouth. For shallow
cracks or for cases where the user wishes to have a higher mesh density, this box can be
unchecked. The higher surface mesh density will result in a higher volume mesh density.

Do crack proximity refinement turns on/off the local surface mesh refinement for surfaces near
the crack.
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Do not coarsen more than uncracked mesh turns on/off the option to define the new surface mesh
density based on the original surface mesh. In some cases, the default meshing algorithm creates
a surface mesh that is too coarse to capture curved geometry features. Turning this option on
produces a surface mesh that is more like the original uncracked surface mesh density. Further
details can be found in Section 6.1.21.

Volume mesh using allows the user to choose between FRANC3D, ANSYS and ABAQUS
volume meshing. Note that the Max volume elements and Max backtrack restarts only applies to
FRANC3D volume meshing.

ANSYS or ABAQUS volume meshing: write files only allows the user to write the surface mesh
and the commands to generate the volume mesh from the surface mesh to files without running
ANSYS or ABAQUS. This gives the user the option of sending the files to a different computer
or modifying the commands. During the meshing phase of crack insertion, FRANC3D will
prompt the user to save the surface mesh files, and then wait for the volume mesh file.

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

Max volume elements: 1000000
Max backirack restarts: 4

¥ Do coarsen crack mouth
¥ Do crack proximity refinement

™ Do not coarsen more than uncracked mesh

WVolume mesh using: ¢ FRANC3D ¢ ANSYS ¢ ABAQUS

AMSYS or ABAQUS volume meshing: [ write files only

Some settings might nottake effect until the program is restarted. Accept cancel

Figure 5.2.12 Meshing tab of Preferences dialog.

5.2.9 Advanced Meshing Tab

The Advanced Meshing tab allows the user to set default advanced meshing parameters, Fig
5.2.13. The options are described in the dialog and are described more fully in the FRANC3D
Users Guide. The volume meshing algorithm is described in journal articles; for example:

An Algorithm for Three-Dimensional Mesh Generation for Arbitrary Regions with Cracks,
Cavalcante et al., Engineering with Computers (2001) 17: 75-91.
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Preferences

Surface Max Internal Element Ratio:

=

elements in a surface mesh.

)

1

)

General 1| General 2| Window | 3DView | ansvs | aBacus | NaSTRAN| Meshing i/

Ratio of the maximum element size allowed in the interior of
a surface mesh to the maximum element size on the boundary.

Surface Density Decay Ratio: 1.4 Nominally the maximum size ratio between two adjacent

Surface Curvature Refinement Factor: 0.522 Ifristhe local minimum principal radius of curvature,
then the local maximum ideal element size will be

r* SurfCurvatureRefineFactor, or this is the maximum
secant angle an element will span for this r.

Surface Curvature Refinement Limit: 0.25 The maximum ratio between the nominal local element size
and a reduced size set due to local surface curvature.

Surface Crack Front Decay Ratio: 5 The ratio at which adjacent element sizes can increase
as one moves from a crack front to a nearby surface.

WVolume Optimal Sphere Factor: 0.75 Controls the size of the spherical region that the volume
mesheruses to look for existing nodes on the advancing front.

Volume Optimal Size Factor: 12 Factor applied to the background oct-tree cell size to
determine the local optimal element size.

YVolume Octree Refinement Factor: 22 Factor applied to control local oct-tree refinement.

] units |

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

Accept | Cancel |

Figure 5.2.13 Advanced Meshing tab of Preferences dialog.

A brief description of each field is provided in the dialog. Decreasing the values will usually

increase the mesh density.

5.2.10 Units Tab

The Units tab allows the user to set default units for the FE model and for display, Fig 5.2.14.
The options are the same as for Edit —Unit Conversion; there is an extra option for changing
the label for the number of passes through the load schedule. The passes are displayed in the

Fatigue Life dialog (see Section 9).

The FEM and display units can be overridden when importing a new FE model or when

displaying results.
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General 1| General 2| Window | 3DView | ANSYS | ABAQUS | NASTRAN| Meshing | Adwiesh  Units |

Default FEM model units Default units for display
* Sl units ¢ Sl units
Length: Cmm C m (¢ other Length: Cmm C m & other
Stress: " MPa C Pa (+ other Stress: " MPa  Pa (* other
Temperature: C C K (& other Temperature: C C K & other
" US customary units " US customary units
& () & -
& ¢ o & & ¢
- o & (o
Units of time: Units of time:
@ sec C min C hour C day ¢ year  other  sec C min C hour C day C year C other
Label for passes through load schedule:
¢ passes (" missions C flights  duty cycles

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

Figure 5.2.14 Units tab of Preferences dialog.

6. Cracks Menu Wizards and Dialog Boxes

The wizards and dialog boxes for the Cracks menu options are described in this section.

The process of crack insertion (either the initial crack or subsequent steps of crack growth)
requires geometric intersection of the crack surface with the model surface. The geometry, for
both, is defined using triangular Bezier patches; this is briefly described in the User’s Guide
along with a summary of the geometric approach to crack extension. Surface and volume
meshing is constrained by this underlying geometry; this includes the crack front template mesh
described in Section 6.1.14.

6.1 New Flaw Wizard

The New Flaw wizard leads the user through the process of creating and orienting a
parametrically defined flaw. This wizard contains several panels; however, normally one will
not see all panels. Choices in the panels determine which panels are shown next. The overall
flow is illustrated in Fig 6.1.1. Note that the elliptical and through crack boxes house a couple of
crack shapes.
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The individual wizard panels are described below.

Flaw Type

¥

Finite volume voids || Zero volume cracks

Translations and Rotations
v
Crack front template mesh

Figure 6.1.1 New Flaw wizard flow diagram.

6.1.1 Flaw type panel

The first panel determines the flaw type, Fig 6.1.2; either a crack (zero volume flaw) or a void
(finite volume flaw) can be inserted.

There is also the option to save the flaw description to a file. The default is to add the flaw to the
model without saving to a (.crk) file. The second radio button (Save to file and add flaw) allows
the user to save the flaw to a file and add it to the model. The third option (Save to file only)
saves the flaw to a file without adding it to the model. Note that you cannot add a flaw to a
model that already has a flaw.

The last two options provide support for interface and symmetry cracks. If the user is inserting a
crack that is embedded in a bi-material interface, this box should be checked. The second option
will only be displayed if symmetry cracks is turned on in the Preferences (see Section 5.2.2). If
the user is inserting a symmetry surface crack, this box should be checked.

The crack types cannot be mixed; for example, you cannot insert a void and a crack into a model
at the same time. Multiple crack insertion is described in Section 6.3.
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Flaw Insertion

Flaw Type

@ Crack (zero volume flaw)

" Void (finite volume flaw)

Flaw To File

* Donotsave to file

" Save tofile and add flaw
" Save tofile only

™ Crack embedded in bi-material interface

[T Symmetry surface crack

Cancel | | Next [»

Figure 6.1.2 New Flaw wizard first panel selects flaw type.

6.1.2 Crack type panel
The current crack (zero volume flaw) types include:

1) elliptical crack with one crack front — top left icon in Fig 6.1.3,

2) through-the-thickness crack with one front — bottom left icon,

3) through-the-thickness crack with two fronts — top second from the left,
4) long-shallow surface crack shape — bottom second from the left,

5) elliptical crack shape with two fronts — top third from the left,

6) long-shallow interior crack shape — bottom third from the left,

7) curvilinear elliptical crack — top fourth from the left,

8) user-defined crack — bottom fourth from the left, or

9) user-defined-surface mesh crack — top right.

The long shallow crack shapes can be used instead of long thin ellipses; they will produce better

template elements at the ends of the major axis. The crack fronts are indicated by the thicker
lines.

Selecting the crack shape icon determines the crack type that will be shown in the next panel,
where the dimensions are set.
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Flaw Insertion

Crack Type

user pomnis

Cancel | ¢ Back |

Figure 6.1.3 New Flaw Wizard crack (zero volume flaw) types.

6.1.3 Elliptical crack panel

Single front elliptical cracks are defined by entering the semi-axes lengths (a and b), Fig 6.1.4.
Once values have been specified for the length of the axes, the ellipse is displayed in the 3D
view window. The ellipse is displayed in its local orientation, which is in the x-y plane and
centered at the global Cartesian origin.

The Advanced Geometry button allows one to add more boundary points, which might be

needed for high aspect ratio ellipses. The associated dialog is described in Section 6.1.12. This
button is available for all crack shapes except for the two user-defined cracks.

62



Flaw Insertion

Display

I™ Markers
W Vectors
¥ Polygons
W Text

™ Mesh

! (reset) (d)
Advanced Geumelryl

Save ﬂ
¥ Ul L a| )
Ll
View Options
Recenter
Capture

LY |l | G

Weshed Ellipse Crack Parameters

Cancel | < Back | Next [» |

Figure 6.1.4 New Flaw Wizard elliptical crack parameters panel.

6.1.4 Single-front Through-the-thickness crack panel

Single-front through-the-thickness cracks are specified using three lengths (a — ¢) and the width
(d), Fig 6.1.5. If set appropriately, the three lengths can be used to define a straight or a
quadratic shape crack front. The crack is displayed in its local orientation, which is in the x-y
plane with one corner at the global Cartesian origin.

Flaw Insertion

Through Crack Parameters Display
™ Markers

¥ vectors
¥ Polygons
¥ Text

™ Mesh

.
— — : i (reset) (d)
Advanced Geometry

i ¥ Save | Read

ERRE
AT L ale]

View Options

Recenter

Capture

o || ®

Cancel | <] Back | Next [»

Figure 6.1.5 New Flaw Wizard single-front through-crack parameters panel.



6.1.5 Two-front Through-the-thickness crack panel

Two-front through-the-thickness center cracks are specified using six crack lengths (a —f) and
the crack width (g), Fig 6.1.6. If set appropriately, the six lengths can be used to define either

straight or quadratic shape crack fronts. The crack is displayed in its local orientation, which is in

the x-y plane with one mid-side at the global Cartesian origin.

Flaw Insertion

Center Crack Parameters

Display

[ Markers
¥ Vectors
¥ Palygons
V Text

[~ Mesh

(reset) (d)

Advanced Geometry Q View Options
Recenter
Capture

et L 0

Cancel | | Back | Next [»

Figure 6.1.6 New Flaw Wizard two-front through-crack parameters panel.

6.1.6 Long shallow surface crack panel

Long-shallow-surface cracks are specified using the crack length (a), the crack width (b), and a
corner radius (r), Fig 6.1.7. This crack shape can be used in place of high-aspect ratio elliptical
surface cracks. The crack is displayed in its local orientation, which is in the x-y plane with the

global Cartesian origin as shown in Fig 6.1.7.
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Flaw Insertion

Display
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[ Vectors
¥ Polygons
¥ Text

™ Mesh

(reset) (d)
Advanced Geometry
il
- ¥ Save | Read
BDRBE
© (m B P

View Options
Recenter
Capture

0|

Long Shallow Crack Parameters

Cancel | <] Back | Next [»

Figure 6.1.7 New Flaw Wizard long shallow surface crack parameters panel.

6.1.7 Two-front Elliptical crack panel

Two-front elliptical (ring) cracks are defined by entering the outer semi-axes lengths (a and b)
and the inner semi-axes lengths (c and d). The user also has the option of turning off the crack
front for either the outer or inner front; this allows one to define a circumferential crack in the

outer or inner wall of a pipe.

Once values have been specified for the length of the axes, the ellipses are displayed in the 3D
view window, Fig 6.1.8. The ellipses are displayed in the local orientation, which is in the x-y
plane and centered at the Cartesian origin. Both outer axes must be larger than the inner axes to

create a valid crack.
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Flaw Insertion
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Figure 6.1.8 New Flaw Wizard two-front elliptical crack parameters panel.

6.1.8 Long shallow interior crack panel

Long-shallow-interior cracks are specified using the crack length (a), the crack corner radius (r),
Fig 6.1.9. This crack shape can be used in place of high-aspect ratio elliptical interior cracks.
The crack is displayed in its local orientation, which is in the x-y plane with the global Cartesian

origin as shown in Fig 6.1.9.
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Figure 6.1.9 New Flaw Wizard long shallow interior crack parameters panel.



6.1.9 Curvilinear elliptical crack panel

Curvilinear elliptical cracks are specified by entering the semi-axes lengths (a and b) and the
‘surface’ radius (r), Fig 6.1.10. Once values have been specified for the length of the axes, the
ellipse is displayed in the 3D view window. The crack is displayed in its local orientation, which
is in the x-y plane with the global Cartesian origin as shown in Fig 6.1.10. Note that there are
limitations on the dimensions; you should not define a crack that has edges that overlap or
intersect.

Flaw Insertion

Meshed Curved Ellipse Crack Parameters Display

™ Markers
¥ vectors
™ Polygons
¥ Text

™ Mesh

, =
(reset) (d)
Advanced Geometry

save | Read
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H View Options |
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Capture |
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Cancel | ¢ Back | Next [

Figure 6.1.10 New Flaw Wizard long shallow interior crack parameters panel.

6.1.10 User-defined crack panel

The user-defined crack requires a set of points that defines the crack boundary. Click on
View/Edit Points, Fig 6.1.11, to display a dialog that allows one to enter the geometry points,
Fig 6.1.12. The front column in Fig 6.1.12 allows one to define points as crack front points
using a value of 1; non-front points be set to 0. Note that unless one is defining an interior crack,
there should be at least one point on the crack boundary that is not a crack front point. The front
points are displayed in blue and numbered corresponding to the listing shown in Fig 6.1.12.
Points must be consecutive around the boundary.

One can read the points from a file using the Read From File button. The file should be a
simple ASCII .txt file with the format:

x y z flag
x y z flag
X y z flag
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The Smooth Front Points option in Fig 6.1.11 allows the user to smooth and re-parameterize the
crack front points. This allows for more uniform crack surface geometry.

The boundary points are used with a surface triangulation algorithm to produce the interior crack
surface geometry. Enough non-front points should be defined to produce a reasonable
triangulation of the interior region. The Generate Non-Front button can be used to create non-

front points if none exist.

Some non-planarity is possible; however, the user does not define crack-surface-interior points,
therefore, this crack type works best for planar or near-planar cracks. Note that the first and last
point should not be repeated.

Flaw Insertion

User Defined Crack Points Display

¥ Markers
View/Edit Points

IV Vectors
¥ Palygons
IV Text

Generate Non-Front

I~ Mesh
Save To File (reset) (d)
[~ Smoath Front Points

# of points 66

Save | Read
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A LAl

View Options
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Cancel | <] Back | Next [»

Figure 6.1.11 New Flaw Wizard user-defined crack panel.

User Defined Points
Number of Points: I—ss
X ¥ | z | front =

a1 3.64365 5.00034 1013223 0
2 | 3.64288 5.00082 10.05432 1
3 ] 1.64518 5.00079 9.98399 1
4 | 3.65080 5.00077 991044 1
= 3.66035 5.00074 9.83414 1
Eﬁ_ 3.67245 5.00072 9. 76527 1
7] 368871 5.000649 969398 1

8 3.70967 5.00066 9.62080 1

Figure 6.1.12 User-defined crack points dialog.
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6.1.11 User-mesh crack panel

The user-mesh crack allows one to convert a surface mesh into a crack. Click on Read mesh
File, Fig 6.1.13, to display the file selector dialog, Fig 6.1.14. FRANC3D can read ABAQUS
(.inp), ANSYS (.cdb) and NASTRAN (.bdf) files containing planar or shell elements. The file
should contain a node “set” that defines the nodes that form the crack front, Fig 6.1.15. After
selecting the front node set, select Accept, and the surface will be displayed, Fig 6.1.16.

Flaw Insertion

User Defined Crack Mesh Display
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¥ Paolygons
scale factor I 1 W Text

™ Mesh
(reset) (d)
view_1
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Recenter |
Capture |

L =@

Read Mesh File

Cancel | ¢| Back I ext [» I

Figure 6.1.13 New Flaw Wizard user-mesh crack panel.
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Figure 6.1.14 User-mesh crack mesh file dialog

69



Select a Crack Front Group

Select Crack Front Group
front

[] Part-1-1_Set1

[T] all_nodes
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Figure 6.1.15 User-mesh crack front component (or node set)
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Figure 6.1.16 User-mesh crack surface.

In addition to the surface mesh files, FRANC3D can also import STL files. If the File type in Fig
6.1.14 is set to .stl, then the Extra front file check box is activated. STL files contain a collection
of triangles. The extra front file allows the user to specify the vertex coordinates for the crack
front edge. The extra file is a simple ASCII txt file with lines of: x y z. FRANC3D will
compare the data in the front file with the STL file to obtain the crack front vertices and edges.

The scale factor field, in Fig 6.1.16, allows one to scale the user-mesh crack. This can be
especially useful for STL files that are saved using units of meters when the model is in

millimeters.

Chapter 6 of the User’s Guide provides additional information for user-defined crack shapes.
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6.1.12 Advanced Geometry button

Selecting the Advanced Geometry button on the predefined crack shapes (where it exists) leads
to the dialog shown in Fig 6.1.17. The crack shape shown here corresponds to an ellipse with
equal major and minor axes. Note that the triangular facets represent the geometry, not a finite
element surface mesh.

There are three buttons on the top menu bar: Refine, Reset and Edit. The crack geometry is
shown in the window. The menu options are described below. Note that some flaw shapes will
not include the Edit button.

Flaw AdvGeomor

Refine Resetl EI

Figure 6.1.17 Crack Advanced Geometry dialog.

6.1.12.1 Refine

The Refine button alters the discretization of the crack surface geometry. Although cracks
notionally have an analytical geometry (e.g., elliptical or quadratic), they are defined
geometrically by triangular cubic-Bezier patches. These patches only approximate the analytical
form. As the number of geometry patches is increased, the approximation improves, but at the
cost of additional processing time required to insert the crack. The Refine button performs a
uniform refinement of the patches, where each patch is divided into four smaller patches. This is
illustrated in the images in Fig 6.1.18. The Refine process can be repeated any number of times.

Refinement might be required for high-aspect ratio elliptical cracks, specifically for the ends of
the major axis.
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Flaw AdvGeomor Flaw AdvGeomor

Refinel| Reset ﬂ Refinel| Reset ﬂ

[ Accept| Cancel (! Accept | Cancel I
. Ve 4

Figure 6.1.18 Example of a Refined crack geometry. The left panel shows one level of
refinement from Fig 6.1.17, and the right panel shows a second level of refinement.

6.1.12.2 Reset

The Reset button sets the crack geometry back to the original default configuration.

6.1.12.3 Edit

The Edit button invokes the Flaw Editor, Fig 6.1.19. This dialog allows the user to redefine the
default shape of the flaw. The vertices (black circles in Fig 6.1.19) can be selected by holding
down the Shift-key and selecting the black circle with the left-mouse button. The vertices turn
red when they are selected (see right panel of Fig 6.1.19). The red circle can be moved by
holding down the Shift-key and dragging the item to the new location using the left mouse
button. The x and y coordinates of the vertex are shown in the fields near the top of the dialog.

Unselect the vertex by holding the Shift-key down and picking a point that is not close to any
vertex. The undo and redo icons (to the left of the coordinate fields) allow the user to undo (or
redo) any movement of the vertices that is not desired.

Select Accept and the revised flaw shape will be shown in the initial Advanced Geometry
window (Fig 6.1.17).

Select Accept in the Advanced Geometry window to return to the regular flaw insertion wizard
panel. The user can then proceed to locate and orient the edited flaw in the model.

Note that the flaw editor must be used before rotating and translating the flaw.
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Flaw Editor Flaw Editor

File Edit File Edit
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Accept| Cancel Accept| Cancel

Figure 6.1.19 Flaw Editor - left panel shows initial and right panel shows edited geometry.

6.1.13 Void type panel
The current void (finite volume flaw) types include:

1) ellipsoid — top left icon in Fig 6.1.20,

2) thick ellipse — top middle,

3) thick through-thickness with two fronts — top right,
4) thick through-thickness with one front — bottom left,
5) thick long-shallow surface — bottom middle, and

6) thick curvilinear ellipse — bottom right.

7) user-defined-volume mesh crack — top right.



Flaw insertion

Void Type

Cancel | qa [T

Figure 6.1.20 New Flaw Wizard void (finite volume flaw) types.

6.1.14 Ellipsoid panel

Ellipsoidal voids are defined by entering the three semi-axes lengths (a, b, and c), Fig 6.1.21. The
void is displayed in the local orientation and centered at the Cartesian origin. There are no

“front” edges identified for an ellipsoid.
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Figure 6.1.21 New Flaw Wizard ellipsoidal void parameters panel.
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6.1.15 Thick (flat) elliptical void panel

Single front thick (or finite volume) ellipse voids are defined by entering the semi-axes lengths
(a and b) and the thickness, Fig 6.1.22. Once values have been specified, the thick ellipse is
displayed in the 3D view window. It is displayed in its local orientation, which is in the x-y
plane and centered at the global Cartesian origin.

The Advanced Geometry button is available but might be difficult to use with this shape.
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Figure 6.1.22 New Flaw Wizard elliptical crack parameters panel.

6.1.16 Two-front Through-thickness void panel

Two-front through-thickness voids are specified using six crack lengths (a — f), the crack width
(9) and the thickness, Fig 6.1.23. If set appropriately, the six lengths can be used to define either
straight or quadratic shape crack fronts. The crack is displayed in its local orientation, which is in
the x-y plane with one mid-side at the global Cartesian origin.
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Figure 6.1.23 New Flaw Wizard two-front through-crack parameters panel.

6.1.17 Single-front Through-thickness void panel

Single-front through-thickness voids are specified using three lengths (a — ¢), the width (d) and
the thickness, Fig 6.1.24. If set appropriately, the three lengths can be used to define a straight or
a quadratic shape crack front. The crack is displayed in its local orientation, which is in the x-y
plane with one corner at the global Cartesian origin.
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Figure 6.1.24 New Flaw Wizard single-front through-crack parameters panel.
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6.1.18 Long shallow surface void panel

Long-shallow-surface voids are specified using the crack length (a), the crack width (b), a corner

radius (r) and the thickness, Fig 6.1.25. The crack is displayed in its local orientation, which is

in the x-y plane with the global Cartesian origin as shown in Fig 6.1.25.
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Figure 6.1.25 New Flaw Wizard long shallow surface crack parameters panel.

6.1.19 Curvilinear elliptical void panel

Curvilinear elliptical voids are specified by entering the semi-axes lengths (a and b), the

‘surface’ radius (r) and the thickness, Fig 6.1.26. The crack is displayed in its local orientation,
which is in the x-y plane with the global Cartesian origin as shown in Fig 6.1.26. Note that there

are limitations on the dimensions; you should not define a void that has edges that overlap or

intersect.
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Figure 6.1.26 New Flaw Wizard long shallow interior crack parameters panel.

6.1.20 User-mesh void panel

User-mesh voids are added by importing a volume mesh. Click on Read mesh File, Fig 6.1.27,
to display the file selector dialog, Fig 6.1.29. FRANC3D can read ABAQUS (.inp), ANSYS
(.cdb) and NASTRAN (.bdf) files containing volume elements. A cylinder model is selected, Fig
6.1.29, and will be inserted into a cube to create a cylindrical void.
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Figure 6.1.27 New Flaw Wizard user-mesh crack panel.
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Figure 6.1.28 User-mesh void file dialog
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Figure 6.1.29 Cylinder volume mesh

The void can be translated into position relative to the model, Fig 6.1.30. The resulting model
surface mesh is shown in Fig 6.1.31.
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Figure 6.1.30 Cylinder volume mesh
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Figure 6.1.31 Cylinder volume mesh
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6.1.21 Symmetry crack surface select panel

If a user checks the Symmetry surface crack box (see Fig 6.1.2), an extra dialog is displayed
prior to selecting the crack type, Fig 6.1.32. Surfaces with symmetry boundary conditions are
displayed in blue. The user should choose the symmetry surface using the Shift key and the left

mouse button (assuming default mouse settings are used). Click Next to continue defining the
crack.

b
..j',l,l,',ﬂ, Bune
."’l’j’ﬂf, _vewoptons |
..“"i’lfl _recona_|

.‘ ‘ ‘ ‘ Capture image

NNA i o

£ 1 S
Shift+Click to select symmetry crack surface Cancel | < Back HW‘

Figure 6.1.32 User-mesh crack mesh file dialog

6.1.22 Flaw translation and rotation panel

Once a flaw (crack or void) is defined, it must be inserted (translated and rotated) into the proper
location relative to the unflawed body. The flaw orientation panel displays the flaw and the
model in a 3D graphics window, along with controls to translate and rotate the flaw, Fig 6.1.33.
Translations and rotations can be specified in the global or a local coordinate system.

The translations move the origin of the flaw. It is usually simpler to specify translations and then
"zoom in" on the display of the flaw before specifying the rotations.

Up to three rotations about the (rotated) Cartesian axes can be specified. These are Euler angles,
but the order of the rotation axes can be specified. The rotations follow a "right-hand-rule™

where the thumb points in the positive direction along the axis and the fingers curl in the positive
rotation direction.

The Define Local Axes button allows the user to specify a local Cartesian system to aid in
placing the flaw; this is described in the next sub-section. The adjacent Reset button clears any
local coordinate system and resets the original default crack translation and rotation.
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The Display panel on the right side has two additional options to display the local axes and the
crack axes.

Flaw Insertion

Display
™ Markers
¥ vectors

Flaw translation

global local

s | 5 ([ | 0 ¥ Polygons
Y I 5 ¥ I 0 ¥ Text
z I 0 = I 0 ™ Mesh

™ Node Num
¥ Local Axes
I~ Crack Axes

Flaw rotations

1st Rotation
; (reset) (d)
Aulis XY CZ & clobal
Angle (deg) d0 C Local
2nd Rotation Save | Read
Als CX &Y CZ & Global @@@@
Angle (deq) 0 € Local & Q @ &
View Options
3rd Rotation
__ Reserter_|
Auds CXCY®Z @ Global Capture
Angle (deg) 0  Local
L.l
Redefine Local Axes | Reset
Cancel | <] Back | Next [» |

Figure 6.1.33 New Flaw Wizard orientation panel.

6.1.22.1 Define Local Axes

The Define Local Axes button displays a dialog, Fig 6.1.34, that allows one to specify a local
Cartesian coordinate system. See Section 6.5 of the User’s Guide for additional details on flaw

placement and local axes.

The Anchor at node normal to surface option allows one to specify a node ID, which will define
the crack local origin. The model surface-normal defines the crack plane.

The Anchor at point normal to surface is like the previous option, but the user must specify the
global Cartesian coordinates of the point on the surface.

The Define by three nodes option allows one to specify three node IDs to define the origin and
crack plane.

The Define by three points option is like the previous option, but the user must specify the global
Cartesian coordinates of the three points.

The Define by angles option is allows the user to specify the global Cartesian origin and three
rotations.
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Figure 6.1.34 New Flaw Wizard orientation vectors dialog.

6.1.23 Crack Front Mesh Template Panel

For accurate stress-intensity factor computations, a pattern or "template™ of elements with
controlled sizes and shapes is placed about all crack fronts. The template takes the form of
generalized cylindrical tubes of elements with the crack fronts serving as the axes of the
cylinders. Wedge shaped elements are placed immediately adjacent to the crack fronts. These
are surrounded by rings of brick elements, Fig 6.1.35.

83



quarter-point singular wedge
A\ crack-front elements

tetrahedral elements used | “
for most of volume mesh [ XA AN AN —

‘l two or more “rings” of -

brick elements

pyramids provide compatibility
between bricks and tetrahedra

Figure 6.1.35 Crack front mesh element types.

Fig 6.1.36 shows the Crack Front Mesh Template wizard panel with an elliptical surface crack
being inserted into a cube. The user can turn off the crack front template elements with the use
crack-front template toggle. In some cases, a crack front template mesh cannot be added to the
model; a crack front that touches or crosses a material boundary currently is one such case.

The overall radius of the template can be adjusted with the Template Radius field. The default
value of the radius is based on a notion of the crack size, but it can be inappropriate in some
cases. In addition, the template radius can be decreased if a user wishes to do a mesh
refinement/convergence study.

The template elements are displayed in the 3D graphics window superimposed on the flaw and
model geometry. By default, only one half of the template elements are shown. This allows one
to view the progression of element sizes as the elements transition from the crack front to the
outer boundary of the template. One can view the full template by turning on the Display Full

Template toggle.

The Simple Template Intersections Only toggle allows the user to terminate the template inside
the model surfaces. For cases where the template will intersect the model surface at shallow
angles or at corners, Fig 6.1.37, this option allows a crack to be inserted with template elements
along the bulk of the crack front, Fig 6.1.38. FRANC3D attempts to recognize instances where
the template will intersect model surfaces at poor angles and automatically triggers this option as
needed.

The Meshing Parameters button at the bottom left is used to specify surface and volume
meshing parameters as well as choosing the volume mesher (see Section 6.1.21.1). The
Advanced Options button allows the user to adjust the template elements (see Section 6.1.21.2).
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Figure 6.1.36 Crack front mesh template panel.

Note that this panel is displayed even if the flaw does not have any crack fronts (e.g., an
elliptical void). In this case, simply ignore this panel and select finish.

Figure 6.1.37 Crack front mesh template intersecting model surface at an angle.
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Figure 6.1.38 Crack front mesh template pulled back from the model surface.

6.1.23.1 Meshing Parameters Dialog

The Meshing Parameters dialog, Fig 6.1.39, was shown in the Preferences meshing tab
described in Section 5.4.8. The user can control aspects of the surface and volume meshing.
Section 7 of the User’s Guide provides additional information.

The first parameter, Maximum Generated Elements, limits the total number of volume elements
that FRANC3D will create during volume meshing. The second parameter, Maximum Volume
Mesh Restarts, limits the number of volume meshing restarts. These two options only work
when FRANC3D is used for volume mesh. FRANC3D uses an advancing front volume meshing
algorithm; this algorithm can get stuck sometimes and the algorithm is designed to backtrack
(i.e., remove elements) and restart the meshing. If the program fails to create a volume mesh
after several restarts, then one can try volume meshing with ANSYS or ABAQUS.

The next two options allow the user to control surface mesh refinement: on the crack surface,
using the Do coarsen crack mouth mesh option, and on the model surface in areas where adjacent
region boundaries are near, using Do crack proximity refinement. The effect of the Do coarsen
crack mouth mesh option is shown in Fig 6.1.40.

The Do not coarsen more than uncracked mesh option modifies the surface meshing algorithm to
respect the original surface mesh density. Fig 6.1.41 shows an example where the option is
turned off (left panel) and then turned on (right panel).

FRANC3D, by default, is used to mesh the volume, but ANSYS and ABAQUS can also be used
by selecting the appropriate radio button for Volume mesh using... Note that the user must have
a licensed working copy of these programs to use their meshing algorithms. The user can select
the ANSYS and ABAQUS executables, using the Browse button, if not already set in the
Preferences (see Section 5.4).
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For ANSYS or ABAQUS: write files only allows the user to write the surface mesh and the
commands to generate the volume mesh from the surface mesh to files, without running ANSYS

or ABAQUS. This gives the user the option of sending the files to a different computer or

modifying the commands.

Meshing parameters

Meshing parameters/options

Maximum generated elements: 500000
Maximum volume mesh restarts: q

I Do coarsen crack mouth mesh

W Do crack proximity refinement
W Do not coarsen more than uncracked mesh
Volume mesh using: & FRANC3D ¢ ANSYS  ABAQUS

ansys192 exe
[Brovez |

ansys

| abagus_bat

For ANSYS or ABAQUS: [ write files only

Cancel

Figure 6.1.39 Meshing parameters dialog.
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Figure 6.1.41 Effects of Do not coarsen more than uncracked mesh option: off — left panel and
on — right panel.

6.1.23.2 Advanced Template Options Dialog

The Advanced Template Options dialog allows the user to adjust the default crack front mesh
template parameters, Fig 6.1.42. The parameters are described below and illustrated in Fig
6.1.43, which shows a typical cross-section of a crack-front template. Section 7 of the User’s
Guide provides additional information.

Progression Ratio sets the relative width of the element (in the direction perpendicular to the
crack front) going from the crack front to the outer surface of the template. For example, a ratio
of 1 means that all the rings of elements will have the same width. For a ratio of 1.5, the width
of the elements in a ring will be 50% greater than the width of the elements in the next ring as we
approach the crack front.

Num Rings sets the number of rings of elements in the template.

Num Circumferential Elem sets the number of elements in the circumferential direction around
the crack front.

Max Aspect Ratio controls the aspect ratio of the quadrilateral faces on the outer surface of the
template that will trigger 1:2 or 1:3 transitions in the outer ring of elements.
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Cancel |
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Figure 6.1.42 Advanced template options dialog.

template radius
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progression ration = o/f = 0.667

first ring
second ring

third ring

Figure 6.1.43 Crack front template cross-section.

6.1.24 Flaw Insertion

After selecting Finish on the crack front mesh template panel (see Fig 6.1.39), the flaw is
inserted into the body and the model is remeshed. An information box is displayed to give the
status of operations, Fig 6.1.44. The crack geometry is inserted into the model geometry first,
represented by the Doing geometric intersections... status. Once the crack geometry has been

inserted, trimmed, and tied to the model geometry, surface and then volume meshing occurs. If

using the FRANC3D volume meshing, the final volume mesh is smoothed to improve the

element quality.
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Flaw Extension Status (Mot Respon..,

Doing geometric intersections...
Surface meshing...
Volume meshing...

Frnal mesh smoothing...
Cancel |

Figure 6.1.44 Flaw Insertion Status dialog.

6.2 Flaw from Files

The user has the option of saving the flaw to a .crk file when defining a new flaw (see Fig 6.1.2).
The Flaw from Files menu option allows the user to read one or more .crk files and insert these
crack(s) into the model. The Locate .crk flaw file dialog, Fig 6.2.1, is displayed, which allows
the user to select one or more .crk files. Use the Ctrl or Shift-key to select multiple files. After
selecting Accept, the flaw is displayed within the model, Fig 6.2.2. A flaw can be translated, but
rotation is not allowed.

Select Next to define the crack front template mesh; this was described in Section 6.1.21.

The .crk file contains the triangular Bezier patches that defined the surface and a description of
the crack front vertices. It also contains crack front template meshing parameters. This data is
also stored in the FRANC3D restart .fdb file. As the crack grows, new geometry is added, and
this information is saved in the .fdb file. If needed, the FLAWSURF block of the .fdb file can be
extracted and saved as a .crk file (see Section 4.1.1).
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6.3 Multiple Flaw Insert

The Multiple Flaw Insertion wizard, Fig 6.3.1, allows one to add multiple cracks to a model.
The user defines each crack using the Flaw Insertion wizard panels, which are described in
Section 6.1. When all cracks have been defined, they can be added to the model and/or saved to
a file.

The user starts by selecting the Add button in the dialog shown in Fig 6.3.1. This leads to the
flaw insertion wizard panels. Either cracks or voids can be added.

Once a flaw has been added to the list, it can be edited or deleted by selecting the flaw name and
then selecting the Edit or Delete button. All the added flaws can be displayed in the model, Fig
6.3.2, to ensure that they do not overlap or intersect; select the Display button to show this
dialog. Select the Finish button to return to the Multiple Crack Definition dialog.

The set of radio buttons at the bottom of the dialog in Fig 6.3.1 allows one to: 1) add the flaws to
the model without saving to a file, 2) add the flaws to the model after prompting for a file name
to save a .crk file, or 3) save the flaws to a file without adding them to the model.

If the flaws are just being added, select Accept to close the dialog and begin the process of crack
insertion and re-meshing. The flaw insertion status window as described in Section 6.1.22 is
displayed. If the flaws will be saved to a file, the Save File dialog is presented before the crack
insertion process starts.

Note that mixing of crack types is not currently supported; for example, you cannot add a
symmetry crack and a regular crack at the same time. Multiple symmetry cracks can be inserted
if the cracks fall on the same surface; multiple symmetry cracks on multiple planes will not have
the correct boundary conditions mapped onto the new mesh.

Multiple Crack Definition

‘I_crack_ellipse

agd | Edit Delste | Display |

& Addwlo save  Add/save " Save onlyl

Cancel | Accept |

Figure 6.3.1 Multiple flaw insertion - top level dialog.
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Figure 6.3.2 Multiple flaw insertion — flaw display window.

6.4 Compute SIFs

The user can compute and plot the stress intensity factors (SIFs) after performing an analysis of
the cracked model; the Analysis menu is described in Section 8.

SIFs are computed at mid-side nodes along the crack front.

6.4.1 M-integral, Displacement Correlation or Virtual Crack Closure Panel

The Compute SIFs menu option brings up the Compute SIFs dialog box, Fig 6.4.1. Either the
M-integral, Displacement Correlation (DC) or Virtual Crack Closure (VCCT) method can be
chosen to compute the SIFs. The M-integral method? is usually the most accurate. The DC
option can be used to check the M-integral values. For models where a crack front template
cannot be added, displacement correlation currently is the only option. The VCCT method was
implemented for cracks in material interfaces.

! Banks-Sills et al, EFM 74, p 1293-1307.
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Note that if you switch SIF computation method, that method will continue to be used until you
switch back. If you use the DC method to check the SIFs, you should recompute SIFs with the
M-integral before growing the crack — if you want to use the M-integral SIFs.

The Plot Stress Intensity Factors option turns on/off the display of the SIF plot dialog, which is
described in Section 6.4.1.1.

Compute 5IFs

Stress Intensity Factor Computation Method

= Interaction Integral / M-Integral (most accurate}  Advanced

" Displacement Correlation (least accurate) Advanced

" Virtual Crack Closure Techigue (VCCT)

¥ Plot Stress Intensity Factors

Cancel | <l Back | Einish |

Figure 6.4.1 Compute SIFs panel allows one to choose either M-integral, DC or VCCT.

The (M-integral and VCCT) Advanced buttons display the dialog in Fig 6.4.2a. The fields in the
dialog are described below.

Advanced Parameters

W Include Thermal Terms

Reference Temperature = I—u
I” | Inciude Applied Grack Traction
[Tl Include Contact Grack Pressure
[T Large Rotations
I~ | Elastic Plastic.J

Cancel | Accept |

Figure 6.4.2a Compute SIFs M-Integral and VCCT Advanced Parameters dialog

Include Thermal Terms: Thermal terms can be included in the M-integral computation. The
nodal temperatures should exist in the results database and the user should supply the reference
temperature if not already given with the initial FE input file. This option should be checked
automatically if there are temperatures.
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Include Applied Crack Traction: Any applied crack face traction/pressure terms should be
included in the M-integral. This should be checked automatically if crack face traction exists.

Include Contact Crack Pressure: Any induced crack face contact pressure should be included in
the M-integral. The contact pressure results should exist in the results file. This option should be
checked automatically if there are contact pressure results.

Note that it is possible to have both applied pressure and contact pressure on a crack surface and
these terms will be summed.

Large Rotations: The local crack front coordinate system is defined based on the deformed
configuration if this option is checked; this is required if there are large rigid body rotations.
This option is not set automatically.

Elastic Plastic J: The elastic plastic J-integral values will be computed.

The Displacement Correlation Advanced button displays the dialog in Fig 6.4.2b. The user can
choose to compute SIFs at element corner or midside nodes along the front. This should be
automatically set correctly based on the crack front mesh.

Displacement Correlation 5...

[ at front midside

Cancel Accept

Figure 6.4.2b Compute SIFs Displacement Correlation Advanced Parameters dialog

6.4.2 SIF Plot Panel

Stress-intensity factor distributions are displayed in this dialog, Fig 6.4.3. The left side of the
dialog is a 3D graphics window that displays the crack in model. The right side of the dialog is a
tab box that shows graphs of the computed stress-intensity factor (SIF) distributions along the
crack front. The mode I, I, and 111 SIFs are represented by the Kl, KlI and KllI tabs,
respectively.

95



W7 Stress Intensity Factors (Interaction / M-Integral) - ul X

File Data Axes |

Display Analysis Load Step |1 »| Sub Step |0 v Crack Front I VI Crack Growth Step I: i
¥ Markers

v Veclors

¥ Polygons Mode I Stress Intensity Factor
¥ Text 14.00
™ Mesh

(reset) 13.60
(crack)
A 5 2]

Save | Read
PRma
[T s
View Options

Recenter 1200 [
Capture

= L7, || Oy 11.60 ! L L L
0.0000 0200 0400 0.600 0.800 1.000
*

K| ki | ki Jsintegrall Tsr | Tavle | Export |

normalized distance along front

Figure 6.4.3 SIF plot panel.

The J-integral tab displays a plot of the total (elastic) J-integral distribution (total energy release
rate not segregated into modal components). J-integral values from M-integral and
Displacement Correlation will be slightly different as the computations are done differently. The
T-Str tab displays a plot of the T-stress. The Table tab shows a table of the SIF values along
with the parametric location along the crack front (N Coord); the crack front length is normalized
from 0 to 1, going from A to B (shown in the window on the left).

The Export tab allows one to export the SIF data to a file, Fig 6.4.4. The user can specify the
type of delimiters to use, the grouping of the data, and order of the data. The program initially
assigns one end of the crack front as A and the other end as B. The data is plotted along the
crack front, normalized by the crack front length, starting from point A. Use the Create File
button to select the file name and save the data.

)| ok | ki |ntegrall Tsw [ Table | export | k| ki | km [sntegrall TSt | Tabe B
NCood | T I T I e = Delimiters Options
10 | 0.0209 0.9083 0.0007 -0.0008  Tabs (" Spaces " Commas [ Reverse Order
1 0.0827 0.8770 0.0003 -0.0011
2| 01043 08654 00001 00014 Content
B 0.1459 0.8408 0.0005 -0.0016 W K
4 | 0.1875 0.8303 0.0009 -0.0017 " K
5 | 02292 0.8232 0.0016 -0.0017 = Kil
6 02709 0.8179 0.0022 -0.0017
— I™ Jntegral
17 | 03127 0.8141 0.0028 -0.0015
s | 0.3543 08117 0.0022 -0.0012 LRt
o | 03959 0.8098 0.0035 -0.0010 I~ Temperature
110} 0.4375 0.8081 -0.0037 -0.0007 ¥ front coordinates
111 04792 0.8074 0.0038 -0.0003 (B PO T
12| 05209 0.8074 0.0038 0.0002 |
13| 0.5627 0.8078 -0.0038 0.0006 Create FHel
[ 14| 06043 0.8095 0.0035 0.0011
|15 0.6459 08116 0.0031 0.0014
|18 0.6875 0.8141 0.0026 0.0015
117 07202 0.8180 0.0022 0.001_7l;|
4] | »

Figure 6.4.4 SIF table tab (left panel) and export tab (right panel).
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The dialog shown in Fig 6.4.3 includes options to display SIF data for a model with multiple
load steps (and substeps), multiple crack fronts, and multiple crack growth steps. The drop-
down boxes above the tabs provide these options, Fig 6.4.5.

Crack Growth Step (6

5
4
3
2
1
0

Export

Analysis Load Step Crack Front [1 =
1
= I Kl | |tegraI| T-Str u&lble |
2

le I Stress Intej3  [Factor
4

38.50 \

Figure 6.4.5 SIF display drop-down selections for load step, crack front and crack growth step.

6.4.2.1 SIF Plot menu bar

The menu bar at the top left contains three entries: File, Data and Axes. These are described
here. The same menu appears in other dialog panels with XY plots.

The File menu is shown in Fig 6.4.6. The Export as .png... and Export as .jpg... options both
present the standard FRANC3D File Save As dialog (see Section 4.4). One can save either .png

or .jpg images of the XY plot. The Close option closes the SIF display.

File Data Axes

| Export as .png...

Export as jpa...
Close

Figure 6.4.6 SIF display panel File menu.

The Data menu is shown in Fig 6.4.7. The Swap A-B option swaps the X-axis and data in the
XY plot, Fig 6.4.8. The Information box... option displays the dialog shown in Fig 6.4.9.

File | Data Axes

Swap A-B
Information Box...
Convert Units...

Figure 6.4.7 SIF display panel Data menu.
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Figure 6.4.8 Effect of the Swap A-B menu option.

Information Box

v ‘Display information box

Position

cedcd
CEICEC
clcld ol

Cancel | Accept |

Figure 6.4.9 Information box dialog.

Turning on the Display Information box adds a box of text to the XY plot, Fig 6.4.10, which lists
the options used to compute SIFs.
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14.00
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Figure 6.4.10 Information box added to XY plot.

Convert Units allows one to change the units for the XY plot. The dialog described in Section
5.3 is displayed.

The Axes menu is shown in Fig 6.4.11. The Format X Axis option displays the dialog shown in
Fig 6.4.12. One can define the axis limits and grid spacing. The Format Y Axis displays the
same dialog with the label changed to Y Axis. The Labels... option displays the dialog in Fig
6.4.13. One can change the plot title and axis labels; the syntax for defining the labels is
described in Appendix A.

File Data | Axes
Farmat X Axis .
Format Y Axis...

Labels. .

Figure 6.4.11 SIF display panel Axes menu.
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™ Minortick lines

Cancel | Accept |

Figure 6.4.12 Format X Axis dialog.

Labels

Title: |ru1nde | Stress Intensity Factor

X Axis: |nnrma|ized distance along front

¥ Axis: ||K_I

Cancel | Accept | |

Figure 6.4.13 XY plot Labels dialog.

6.4.2.2 SIF Plot with Simple Template Intersections

If Simple Template Intersections (see Section 6.1.21) is turned on, the template will not extend to
the model surface. The SIF plot is based on the template element nodes; thus, the A and B
represent the ends of the template and not the ends of the geometric crack front, Fig 6.4.14. The
normalized crack front position (N Coord) is also based on the template; A and B always
represent N Coord values of 0 and 1. When using the M-integral, SIFs are computed at the
element mid-side nodes. In Fig 6.4.14, the first N Coord position is 0.0109 (and the last is
0.9869). This normalized position is based on the cumulative template length between A and B.

100



B Stress Intensity Factors (Interaction / M-Integral) - [m] X

Display Analysis Load Step |sum | Sub Step ’j Crack Front 'i‘ Crack Growth Step 'i‘
:z :1:;:9: K | Ky | K| 6 | Gu | G | Jeint | Tostr Table IE"WV‘]
| Polygons NCoord | Ki | Kl | Kl [4]
v Text KR 0.0109 26142 -0.0149653 0.0065658
¥ Mesh | 2 | 0.0328 25804  -0.0189232 0.0024414
—— 3 0.0547 25453 -0.0150717 0.0003612
(reset) [« | 0.0765 25.148 -0.0162345 0.0008516
(erack) | 5 | 0.0983 24895 -0.0217213 0.0034815
| 5 | 01223 24594  -0.0226454 00067779
| 7 ] 0.1485 24480 -0.0222525 0.0038967
S50 | MEs0 s | 0.1746 24.290 -0.0235860 00043361 —
Sl el | o | 0.2008 24128 -0.0186318 0.0012108
I Loy | 10| 0.2270 24015 -0.0148138 -0.0025608
— 11 0.2511 23.901 00209134 -0.0011709
_View Optons | |12 ] 02730 23811 00280849  -0.0019541
Recenter [ 13] 0.2949 23747 -0.0341389 -0.0001939
Capiure | 14 ] 0.3167 23697 -0.0369814 0.0005241
| 15 | 03385 23668 -0.0322212 0.0035991
L || Oy | 15 | 0.3604 23629 -0.02083858 0.0062244
| 17 ] 0.3844 23637 -0.0273411 0.0053070
| 12 | 0.4105 23626 -0.0188643 0.00555044[ﬂ
4] | 3

Figure 6.4.14 SIFs when Simple Intersection Template is turned on.

6.5 Grow Crack

When the Grow Crack menu option is selected, the Compute SIF's wizard is displayed first
(see Section 6.4) if the SIFs have not already been computed.

The Crack Growth wizard allows the user to specify algorithms and parameters to determine
the local direction and relative extension of crack growth.

The first panel in the wizard, Fig 6.5.1, allows one to specify the growth model type. Subcritical
crack growth includes fatigue, stress corrosion, and creep models. Quasi-static crack growth is a
simplified model that uses a simple power-law to advance the crack front. User-defined crack
growth is active if the user has pre-defined Python extensions; Python extensions are described
under the Advanced menu (see section 14.7). Growth parameters can also be read from a file
using the Browse button.

Depending on the chosen growth type, different wizard panels will be displayed, which allow the
user to choose the rules, models, and parameters for the crack extension and kink angle
computations.
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Figure 6.5.1. Growth parameters panel.

6.5.1 Subcritical crack growth

Subcritical crack growth includes computation of both kink angle and extension along the crack

front. Cycles or time or a combination of the two are related to the amount of extension. For

each step of crack growth, there will be an average number of cycles and/or time stored, which
will be used/displayed in the Fatigue Life dialog (see Section 9).

6.5.1.1 Kink Angle Model

The first panel of Subcritical crack growth is shown in Fig 6.5.2. This dialog allows one to

specify the method for computing kink angle.

Kink angle model

Kink angle model

{* Max tensile stress (MTS)
" Max shear stress (MS5)

" Generalized stress
(™ Strain energy release rate

" Planar
" User defined model

[ Kink angle limit

max (K (6))

max (\/(13[[1'{[?[{9))2 -+ (33[[[1'{["[[{3”2)

max (MTS,MSS)

max (K[ri:ﬂ)? -+ (1]“1'{["[{3))2 -+ (13[[[}'{;[[{19])2)
=10

Mixed mode eta factors

w1 w1

Crack growth resistance

[ Anisofropic toughness

Ot tmihRace Faram ot re
settoughness para :L:I:l

Cancel | Back | Mext

Figure 6.5.2 Kink angle model panel.
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6.5.1.1.1 Max Tensile Stress (MTS)

The default for computing the kink angle is the maximum tensile stress (MTS) theory. The crack
kinks in the direction where tensile stress ahead of the crack front is maximized, Fig 6.5.3. At
each node along the crack front, the computed SIFs are used to determine the kink angle 6:

0 = cos-1 3KA + K + 8KZK?
K? + 9K}

1 0 20 3 .
Opg =——=C05—| K; cos“———Kj;siné
Ny 2[ | 5 ol }
Gr
v 09 max Trg
099 max
A6,
1 *
Crack tip

Figure 6.5.3 MTS kink angle theory.

6.5.1.1.2 Max Shear Stress (MSS)

The MSS option is used when the crack growth is dominated by the mode Il SIF and the material
allows shear-dominated growth. The user can refer to: Pettit et al, Next generation 3D mixed mode
fracture propagation theory including HCF-LCF interaction, EFM 102 (2013) 1-14.

6.5.1.1.3 Generalized Stress

The Generalized Stress option determines the kink angle based on the maximum of MTS and
MSS. It should be used with care as it can lead to large kinks in the crack front that can be
difficult to insert/mesh.

6.5.1.1.4 Strain Energy Release Rate (SERR)

The SERR option computes a kink angle based on the growth direction that maximizes the strain
energy release.
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6.5.1.1.5 Planar
The Planar option sets the kink angle to zero. If the user knows that the crack growth is planar,

this option will negate any numerical noise in the computed SIFs and force the crack to remain
planar. This is the only option available for symmetry surface crack growth.

6.5.1.1.6 User Defined Model

The User-Defined Model will be active for the user-defined Python extensions if the kink angle
function is defined and selected; see Section 4 of the Commands & Python document.

6.5.1.1.7 Kink angle limit

The Kink angle limit can be used to limit the amount of crack turning for a step of growth. For
partial crack front extension and large kink angles, this option can significantly improve the
crack growth insertion/remeshing.

6.5.1.1.8 Mixed Mode Eta Factors

The eta factors apply to the MSS and SERR computations. The user must provide them.

6.5.1.1.9 Crack Growth Resistance

Crack growth resistance can be either isotropic or anisotropic. If the Anisotropic Toughness box
is checked, the Set Toughness Parameters button is activated, Fig 6.5.4. The fields correspond
to the material toughness values.

Toughness Parameters

values

Kc 12
Kc 13
Kc 21
Kc 23
Kc 31
Kc 32
| param [
n param

Cancel |

Figure 6.5.4 Anisotropic toughness parameters dialog.
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Currently, FRANC3D supports one anisotropic crack growth resistance model. Itis an
orthotropic model based on six principal material toughness values. These values are illustrated
in Fig 6.5.5. The e's are the material property axes, which, in general, will not be aligned with
the global Cartesian or the crack front coordinate systems. The first toughness subscript
identifies the material axis perpendicular to the crack plane and second subscript gives the
direction of propagation.

€2 £y
Koz Kea
E"‘3 E"I 1
i’z EE
x K3
ey« Koy g o 3

o

Figure 6.5.5 Orientations for the six principal material toughness values.

Fig 6.5.6 shows the crack-front orientation and defines the a and n vectors. X, y, and z are local
crack-front coordinate axes that, in general, are not aligned with the global Cartesian coordinate

axes. 0 is the local kink angle.

Figure 6.5.6 Definition of the crack-front a and n vectors.
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The crack orientation and kink angle sensitive local resistance to crack growth x »(0) is given

by
2\ (n2) (2
K, ma)=|| =5 | +| =% | +| =
P kt) \&3) &3

2\ 2
a.
Ki(a)=1-a?|| = +[“—’§]

T2

where K; and K, are the principal toughness values (no summation on repeated indices), a;
and n; are the Cartesian components of the a and n vectors, and | and n (no subscript) are shape
parameters. The n shape parameters control the shape of the toughness envelope in the principal
planes. For example, Fig 6.5.7 shows the variation in K5 as function of 0 assuming that crack

front coordinates are aligned with the Cartesian coordinates. The | shape parameter has a similar
effect on the variation of the toughness between the principal planes.

06 4

02 | Ki®)
5}
0.0 - -

0.0 0.2 0.4 0.6 08 1.0

K3y

Figure 6.5.7 The variation in K3 as function of f assuming that crack front coordinates are
aligned with the Cartesian coordinates.

6.5.1.2 Subcritical Growth Units

Selecting Next in the dialog seen in Fig 6.5.2 leads to the Subcritical Growth Parameters dialog,
Fig 6.5.8. Note that the yellow (warning) triangles indicate parameters need to be set before you
can continue.
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Figure 6.5.8 The Subcritical Growth Parameters dialog.

The Units used in the FE model should have already been set, but this dialog displays the units
and allows the user to change them if needed.

Select the Change button on the right side of the Units used in the FE model to display the Units
dialog box, Fig 6.5.9. Either SI or US units can be chosen; if the FE units do not correspond to
the units shown, choose other. Units of time are independent.

Note that FRANC3D needs to match the FE units with crack growth rate units, which can be

different. By explicitly specifying the units used for the FE model and for the growth model,
FRANC3D can perform unit conversions automatically.

If other units are used, it is up to the user to make the units consistent between the FE model and
the crack growth rate model.
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Figure 6.5.9. The Units dialog.

6.5.1.3 Subcritical Load Schedule

A Crack Growth Load Schedule (see Fig 6.5.8) does two main things. First, it defines a mapping
from the load steps defined in the FE model to the corresponding SIFs to predict crack growth
rates. Second, it defines the sequence these SIFs are applied.

6.5.1.3.1 Load Schedule: New Schedule

Select the New Schedule button (see Fig 6.5.8) to display the Load Schedule dialog, Fig 6.5.10.
A load schedule is comprised of a collection of load events. Load events are organized in a tree-
like structure. The root of the tree is a Schedule event.

Initially, the upper part of the dialog (Fig 6.5.10) shows one Schedule event, which is the main

root of the tree. A left click on this event does two things: 1) it makes the Add button active, and
2) it raises the Repeat tab in the lower part of the dialog (right panel).
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Figure 6.5.10 The Load Schedule dialog.

Select the Add button to display the Event Type dialog, Fig 6.5.11. There are seven different
event types:

>

>

Simple Cyclic — a simple AK = Kmax — Kmin Cycle, where the Kmax and Kmin loadings are
proportional, so Kmin = R*Kmax, and R is given by the analyst.

Non-Proportional Cyclic —a AK = Kmax — Kmin Cycle, where the Kmax and Kmin loadings
are not proportional (they come from different load steps), and R = Kmin/ Kmax is
computed.

Transient — For a transient event, a list of analysis load steps, sub-steps (frames), or a
combination are specified. FRANC3D will examine all the associated K’s and select
Kmax and Kmin from among these to define AK = Kimax — Kmin.

Spectrum — For a spectrum event, one or more load spectra are specified. A load
spectrum is a list of load multipliers used to define a sequence of Kmax and Kmin values,
which are used to define a sequence of AK’s. If multiple spectra are specified, they are
superimposed.

Hold Event — The four load events defined above can include a hold (dwell) time. A hold
event allows one to define a hold time without any companion load cycling.

Dynamic Pairing — examines all SIFs and dynamically creates max-min pairs.

Schedule — A schedule event can contain child events and allow a tree-like structure to be
constructed.
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Event Type:
¢ Simple Cyclic

" Transient
 Spectrum
" Hold Event
" Dynamic Pairing
" Schedule

Cancel I Accept |

Figure 6.5.11 The event type dialog.

Note that some event types will not be active if there is only one set of SIFs. Non-Proportional
Cyclic and Transient types require at least two load steps or sets of SIFs.

If the Non-Proportional Cyclic event type is selected, the Load Schedule dialog is updated, Fig
6.5.12; and the Load Steps tab is automatically selected. The yellow triangles indicate that the
load steps associated with Kmax and Kmin must be specified. The Select a load step button brings
up the dialog shown to the right in Fig 6.5.12. For both Kmax and Kmin, the load step is selected
from the “pull-down” list of load steps.

If there is only one substep (frame) for a load step, the Load Sub-Step option is unavailable. If
there are multiple substeps, the user can choose the substep as well.

Load and temperature scaling factors can be defined. Note that the temperature multiplier does
not account for coupling between the temperature and the stress intensity factors, so it should be
used with care.

The Temperature Offset can be used if the analysis was done using relative temperatures while
the crack growth rate models assume thermometer temperatures.

Note that in the Select Load Step dialog, the Sum Multiple Steps button allows Kmax and Kmin to
be defined as the sum of the K’s associated with two or more load steps (each with its own load
multiplier).

Once the load steps for Kmax and Kmin have been selected, the Load Schedule dialog is updated as
shown in Fig 6.5.13.
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Figure 6.5.12 The Load Schedule dialog with a non-proportional cyclic load event added.

The Select a load step button displays the dialog on the right.
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Figure 6.5.13 The Load Schedule dialog after load steps selected for Kmax and Kmin.
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The Load Schedule dialog with the Temperature tab selected is shown in Fig 6.5.14, with
Temperature dependent crack growth checked.

Load Schedule ' f‘

E|. Schedule:
. MonPropCyclic: Kmax(),Kmin()

Add | Delete | Duplicate | llil!l!l I

Load Steps | Repeat Temperature | Time| static| other|

r W Temperature dependent crack growth;

Use temperature from:

|| ® Constant ¢ K . ¢ K .. ¢ Kyq © Estemal

(" Interpolate between K . and K. temps

| Constant temperature: I 0

Cancel | Accept | I

Figure 6.5.14 The Temperature tab of the load schedule dialog.

Because predicting crack growth might involve several different FE load steps, each of which
can have associated temperatures, it is not obvious what temperature to use when evaluating a
temperature dependent growth model. The following options are available:

e Constant — a constant temperature, provided by the user, is assumed for all crack front
nodes, and is used for evaluating temperature dependent growth models.
e Kmin — the crack-front temperatures associated with the load step used for determining

Kmin 1S used.

e Kmax — the crack-front temperatures associated with the load step used for determining
Kmax IS used.

e Khoid — the crack-front temperatures associated with the load step used for determining
Khold 1S used.

e External — the crack-front temperatures are read from an independent set of analysis
results. This will be a mesh file (e.g., .inp file) and the associated results file (e.g., an
.odb or .dtp file).
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e Interpolate — the crack front temperatures will be linearly interpolated between the Kmin
and Kmax temperatures using a user-provided parameter that can vary between zero and
one, where zero is the Kmin temperature and one is the Kmax temperature.

Note that if Kmin, Kmax, OF Knoid are specified to be computed from the sum of multiple load steps,
only temperatures from the first load step specified in the list of steps will be used to determine
crack-front temperatures.

The Load Schedule dialog with the Time tab selected is shown in Fig 6.5.15, with Time
dependent crack growth checked; the hold time is added as part of a Non-Proportional Cyclic
event.

Simple Cyclic, Non-Proportional Cyclic, Transient, and Spectrum Load event types all allow a
hold time. A hold time can also be specified as an independent Hold event.

Note that one might consider separate cyclic and hold events if, for example, the cyclic growth
rate and hold growth rates were to be computed for different temperatures. FRANC3D will
compute the crack extension for all the cyclic loading in an event before computing the extension
due to a hold time. If it is desired to have the time dependent growth computed first, that should
be done with a hold event that appears before the cyclic event in the load schedule.

The Hold FOREVER option makes the hold time infinitely long. This could be used, for
example, if one wanted to simulate time dependent crack growth (e.g., stress corrosion cracking)
and keep the crack growth simulation going until a critical stress intensity factor was reached.

The Static tab is shown in Fig 6.5.16. It allows the analyst to specify that the K from a load step
(or sum of load steps) is to be added to both Kmax and Kmin. This will not change the AK, but it
will change the stress ratio, R, for crack growth models sensitive to R. This could be, for
example, in situations where there is a steady “fixed” load, and an alternating cyclic load.

The static load can be defined as a crack face traction, with stresses read from external analyses
results (e.g., .inp and .odb files).

The Other tab is shown in Fig 6.5.17. It allows one to define how AK is treated if the Kmin
becomes greater than Kmax.

113



Load Schedule

E|. Schedule: Repeat Forever
. MNonPropCyclic: Kmax(1) Kmin(2) time=20 Khold{1)

add
dd

Delete | Duplicate |

28] | o]

Staﬁcl()merl

Load Stepsl Repeatl Temperature T

r ¥ Time dependent crack growth

& Hold time: I 20

" Hold FOREVER
Hold load steps:

Step Sub Load Mult Temp Mult Temp Offset

[ 1] —] 1 1 0 Edil

Cancel | Accept |

Figure 6.5.15 The load schedule dialog with the Time tab selected.
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Figure 6.5.16 The load schedule dialog with the Static tab selected.
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Figure 6.5.17 The load schedule dialog with the Other tab selected.

By default, a load event (load cycle, hold time, or combination) will be applied once. The
Repeat tab allows the analyst to specify that the load event should be applied some finite number
of times. It also allows one to specify that the event will be repeated FOREVER.

All load events must be the “child” of a Schedule event. When the repeat count is set for a
Schedule event, all the child events are repeated for the specified number of times. By
organizing the events into a tree like structure and setting repeat counts for the Schedule and
loading events, arbitrarily complex load sequences can be defined.

These options, along with options set for the crack growth rate model, will determine when
FRANC3D will stop a crack growth simulation. Crack growth will always stop if the Kmax at any
point on a crack front reaches a critical value. It will also stop if the AK for all points on the
crack front fall below a threshold AK. In addition, if none of the load event events in the load
schedule is set to repeat FOREVER, FRANC3D will make one complete pass through the load
schedule and then stop the crack growth. If a FOREVER repeat is specified, FRANC3D will
continue to apply the corresponding load event (sequence of children events in the case of a
Schedule event) until one of the stopping criteria from the crack growth rate model is reached.

If the load sequence is to be applied FOREVER, this could be specified either in the Non-
Proportional Cyclic event or in the root Schedule event, Fig 6.5.18. It is preferential to specify
repeat FOREVER for the root schedule event. This allows FRANC3D to more easily determine
if an accelerated cycle counting algorithm can be used when computing a fatigue life.
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Figure 6.5.18 Load schedule dialog with Repeat FOREVER selected for the schedule.

6.5.1.3.1.1 Simple Cyclic Event

If the user chooses a Simple Cyclic load type (see Fig 6.5.11), the lower portion of the Load
Schedule dialog appears as in Fig 6.5.19. The user can specify a given Stress ratio (R), and then
specify the load step (and substep if there is more than one) along with load and temperature
multipliers and temperature offset. The stress ratio will be used to compute Kmin and thus the AK

values.

Load Stepsl Repeatl Temperaturel Time| Static' Dther'

- Simple cyclic load event

Stress ratio, R: I 0

Step Sub  LoadMult Temp Mult Temp Offset
| 11 o 1) 1 0 Edit

Figure 6.5.19 Simple cyclic load event options.
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6.5.1.3.1.2 Non-Proportional Cyclic Event

If the user chooses a Non-Proportional Cyclic load type (see Fig 6.5.11), the lower portion of the
Load Schedule dialog appears as in Fig 6.5.20. The user must specify the load step (and substep
if there is more than one) along with load and temperature multipliers and temperature offset for
Kmax and Kmin; stress ratio and AK are computed from these, and kink angle is based on AK.

Load STEDSI Repeatl Temperaturel Timel Staticl Dtherl

- Monproportional cyclic load event

K max load step:

/1, Noload step selected  Selectaload step |

K min load step:

/A No load step selected  Selecta load step |

Figure 6.5.20 Non-proportional cyclic load event options.

6.5.1.3.1.3 Transient Event

If the user chooses a Transient load type (see Fig 6.5.11), the lower portion of the Load Schedule
dialog appears as in Fig 6.5.21. The user must specify the load steps (and substeps if more than
one) along with load and temperature multipliers and temperature offset, Fig 6.5.22 — left side. If
multiple load steps are to be analyzed, use the Multiple Steps button to select the load steps, Fig
6.5.22 —right side. FRANC3D computes the Kmax and Kmin Values from all the selected load
steps; stress ratio and AK are computed from these, and kink angle is based on AK.

Load STEDSI Repeat' Temperaturel Timel Static' Diherl

- Transient load event

Load steps to search for Kmax and Kmin:

& Mo load steps selected Select load steps

Figure 6.5.21 Transient load event options.
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Figure 6.5.22 Transient load event load step selection.

6.5.1.3.1.4 Spectrum Event

If a user chooses a Spectrum load type (see Fig 6.5.11), the lower portion of the Load Schedule
dialog appears as in Fig 6.5.23. The user must specify the load steps (and substeps if more than
one) along with a load spectrum; multiple spectra can be used.

Load StEDSI Repeatl Temperaturel Timel Staticl Dtherl

- Spectrum load event

Load step and load spectrum: Use Multiple Spectra |

/1 No load step selected  Select a load step |

;‘L Mo spectrum Select a load spectrum |

Figure 6.5.23 Spectrum load event options.

This option allows one to specify a load spectrum (variable amplitude load schedule) to be used
when computing crack growth rates. A spectrum is defined as a series of load ranges.
Associated with each load range is an optional repeat count (the default value is one). One can
also specify a multiplier and offset that will be applied to all values in the spectrum (e.g., to
support the use of a normalized spectrum).

If only one load case is used in the analysis, and load range i has specified values S, and S,
the expressions used for computing the SIF ranges and R ratio crack for range i are
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where s is the spectrum multiplier, and t is the spectrum offset. The AK, and R, are used to

compute the crack growth rate for stress range i. If multiple load cases are being used there are
additional options for setting these values.

For variable amplitude loading, the crack growth rates used for computing the relative amounts
of crack growth for crack front points are the average crack growth rates computed for one pass
through the spectrum. That is

Z@ (AK,R,..)
da = dN ;

dN n

where da/dN is the crack growth rate computed for any given crack front point, and n is the
number of load ranges in the spectrum.

The corresponding predicted kink angle is a weighted average kink angle computed as

- da
sz(AK”Rl’) X ekink,i(K],iaK[[,iaKII[,i’...)
5 _ =l i

kink — n da
> "% (AK,R,..)
1 AN

where 6,,,,. is the kink angle determined (implicitly) for range i using one of the criteria
described in Section 6.5.1.1.

The Select a load step button (in Fig 6.5.23) displays the dialog for selecting the load step (see
Fig 6.5.22).

The Select a load spectrum button first displays a dialog for selecting the spectrum file, Fig
6.5.24.

FRANC3D reads the data and displays it in a dialog, Fig 6.5.25 — left side, which allows one to
specify the delimiter and to ignore the first line if labels are present. The next dialog, Fig 6.5.25
— right side, allows one to specify the Min, Max, and Count columns.
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Select a spectrum file

B kd |

@ II:I Abaqus_cload_dload

B

[ Abaqus_applied_disp
1 Abaqus_base
k=] Abaqus_cload_dload
1 Abaqus_user_defined
1 BMcB3s
1 gear
1 merge_cracks
1 test_cube_wb
1 Toyota
Z1 hg32
(21 has4
21 Reprise
21 cygwing4
21 GARMIN
3 nviDIA
21 PerfLogs
1 Program Files
(=1 Proaram Files (x86)

[ junkctd
[ junk bt
[ junk2 bt
[ junka bt
[ junk_STEP_001 bt
[ 7 junk_STEP_002 it
[ junk_STEP_003 tadt

[ junk_STEP_005 it
[ junk_STEP_006 tat

[ junk_STEP_004 bt
[ junk_STEP_007 bt

Directories X | | Files in C\bruce\ansys\Abaqus_cload_dload
= Ci =) [
1 Autodesk D Abagqus-Cube_RETAINED.bxt
=0 bruce ]
=1 ansys

File name: Ia\.ng_bq

File type: [text file Files (*.txt".TXT)

gaﬂcell Back | Mext |
Figure 6.5.24 Select load spectrum file dialog.
Spectrum file delimiter Define spectrum file columns
Delimiters )
Selectthe Max and Min columns
(* Values separated by spaces or tabs .
" Values separated by commas Min > ij_
0.15 1.000000 64500
Data preview 0.575 1.000000 32350
- 0.15 1.000000 22610
™ Ignore first line of data | 0 it 1. 0onoon 21100
0.15 11.000000/645008 | 0.575 1.000000 20590
: : 0.15 1.000000 29280
012 1T Deoonaazetn | 0.575 1.000000 15320
0.575/1.000000/20590 0.15 1.000000 13680
0.15 |1.000000[29280 i 0.575 1.000000 9570
0.575(1. 000000{15320 i 0.15 1.000000 132000
0.15 [1.000000{18680
0.575(1. 0000009570 | DGSEE %gggggg gggg
0.15 [1.000000{13000 1 : )
0. 5751 noooonlasnon | 0.575 1.000000 4850
0.15 (1.000000{9350 0.15f 1.000000 eE00
0.575/1.000000[4850 0.575 1.000000 3e00
0.15 |[1. 0000006600 0,15 1.000000 Cann
0.575(1. 0000003600
0 15 11 oooooolsgon 0.575 1.000000 3420
0 5751 0000003420 0.15 1.000000 5580
0.15 |1 0o00ooolssan 0.575 1.000000 2950
0.575(1. 0000002950 0.15f 1.000000 5460:'
0.15 |1.000000/5460 =
Cancel | Back | Next o[ Zancel | Back | Finish I

Figure 6.5.25 Select load spectrum file dialog.
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Once the spectrum has been read, the Load schedule dialog appears as in Fig 6.5.26. The
Display button beside the Spectrum label can be used to view the spectrum, Fig 6.5.27.

Load StEDSI Repeatl Temperaturel Timel Staticl Dtherl

- Spectrum load event

Load step and load spectrum: Use Multiple Spectra |

Step Sub Load Mult  Temp Mult Temp Offset
| 1 | 1] 1) 0 Edit

Spe Ctrum Edn | ......... DISDIH}, ......... |

Figure 6.5.26 Spectrum load event with load step and spectrum defined.

Load Spectrum I
"I'n'\_. ‘ * * [ Specify Range Stanl 1 En-:l 0

1.100

| 0.500

0.700

load

0.300

[ 1171} S B B ST R B B SR
0.0000 1.000e+003 2.000e+0035 3.000e+0035 4.000e+0035

cycle

I Dismiss |

Figure 6.5.27 Spectrum display dialog.

The magnifying glass icons allow one to view a segment of the spectrum and the arrow icons
allow one move forward or backward through the spectrum. A cycle range can be specified as
well, which can be faster than multiple levels of zooming.
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6.5.1.3.1.5 Hold Event
If the user chooses a Hold load type (see Fig 6.5.11), the lower portion of the Load Schedule

dialog appears as in Fig 6.5.28. The user must specify the hold time and the load step. The hold
time was described previously as part of the root schedule; see Section 6.5.1.3.

Load Steps | Repeatl Temperature Timel Staticl ';'therl

1 ¥ Time dependent crack growih

* Hold time: I 0 A

" Hold FOREVER
Hold load steps:

/1 Noload step selected  Selecta load step

Figure 6.5.28 Hold load event options.

6.5.1.3.1.6 Dynamic Pairing Event

If the user chooses a Dynamic Pairing load type (see Fig 6.5.11), the Load Schedule dialog
appears as in Fig 6.5.29. Once the event is added, select this event (with a left click), and click
the Add button to display the dialog shown in Fig 6.5.30. This dialog allows one to build up a
series of events within the Dynamic Pairing event.

Note that the repeat count for Dynamic Pairing events can only be set to one. The top-level
schedule repeat count can be set to FOREVER to force the Dynamic Pairing event to be repeated
more than one time.
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Load Schedule

E|. Schedule:
8 |oynamic Pairing:

Add | Delete | Duplicate | ﬂilgl!l

Load Stepsl Repeatl Temperaturel Timel Staticl Dtherl

r Dynamic pairing event

Mo associated loads

Cancel |

Figure 6.5.29. Dynamic Pairing load event added to the root schedule.

Load Schedule

= Schedule:
l  |oynamic Pairing:

Event type

Event Type:

& Low Cycle Reversal
¢ High Cycle Const Amp
" Resonance Blossom

" Specirum
| ool “T ] 8] o]
LoadSIepsl ﬂl ﬂl tic| Other|

Dynamic pairing event H

Mo associated loads

Figure 6.5.30 Dynamic Pairing event types.

There are four event types:
» Low Cycle Reversal — the load step associated with a LCF event is specified.

» High Cycle Const Amp — the load step associated with both a static and a vibratory load
step are specified.
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» Resonance Blossom — the load step associated with a static load step and a vibratory load
step are specified along with several parameters, Fig 6.5.31. One must specify the
resonance frequency (in Hz), the radial acceleration or deceleration (in radians/sec?, this
is assumed to be constant throughout the blossom), the engine order (number of forced
excitations per rotation), and a critical damping ratio (dimensionless).

» Spectrum — For a spectrum event, one or more load spectra are specified as described for
the Spectrum event in Section 6.5.1.3.1.4.

EI. Dynamic Pairing:

Add | Delete | Duplicate | 1'!'!'3'

Load SteDSIRepeatlTemperaturel Timel Staticl Dtherl

r Resonance crossing event

Frequency: I—D Hz

Radial Acceleration: I—D radians/sec'2
Engine Order: I—D

Critical Damping Ratio: I—U

Static load step

/4 No load step selected  Select a load step |

Vibratory load step

&No load step selected  Select a load step |

Figure 6.5.31 Resonance blossom parameters.

6.5.1.3.1.7 Schedule Event

If the user chooses a Schedule load type (see Fig 6.5.11), the Load Schedule dialog appears as in
Fig 6.5.32. This allows one to build up a sub-schedule with any of the load types just described.
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Load Schedule

ElE

sao | peete | oupicas | 2| B 90| ] |

Load Steps Repeatl e “1|:5r3ture| i “EI Ststi::l 'Z;ther'

r Load event repeat count

* Repeat count: I 1

" Repeat FOREVER

Cancel | Accept |

Figure 6.5.32 Schedule load event added to the root schedule.

6.5.1.3.2 Load Schedule: Read From File

The Crack Growth Load Schedule Read From File button (see Fig 6.5.8) allows one to read a
load schedule that was previously defined and saved to a file. This file contains only the load
schedule information. It is used in conjunction with the Save To File button in Section 6.5.1.3.5.
It is an ASCII text file and should contain this data “block”:

FATIGUE_LOAD_SCHEDULE

(
VERSION: 1

SCHEDULE (

|
)

6.5.1.3.3 Load Schedule: Wizard

The Crack Growth Load Schedule Wizard button (see Fig 6.5.8) presents a series of dialog
boxes that leads you through the step-by-step process of creating the load schedule. The first
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dialog, Fig 6.5.33, shows the load schedule types that can be built using this wizard; note that
some event types are not included.

Schedule Type

Analysis code
% ANSYS (C ABAQUS  MASTRAN

Load schedule type

(¢ Simple proportional constant amplitude
¢~ Mon-proportional constant amplitude
" Simple cyclictransient

" Simple spectrum loading

" Simple SCC or creep crack growth

" SCC schedule from file

Cancel | Bac | Mext

Figure 6.5.33 Load schedule wizard first dialog.

The subsequent dialogs will depend on the selected schedule type....

6.5.1.3.4 Load Schedule: View/Edit

The Crack Growth Load Schedule View/Edit button (see Fig 6.5.8) displays the previously
defined load schedule in the dialog. The load schedule can be completely revised if needed.

6.5.1.3.5 Load Schedule: Save To File
The Crack Growth Load Schedule Save To File button (see Fig 6.5.8) allows the user to save the

load schedule to a file. This file contains only the load schedule information; it is used in
conjunction with the Read From File button in Section 6.5.1.3.2.

6.5.1.4 Subcritical Growth Rate Model

The Subcritical Growth Parameters dialog (see Fig 6.5.8) requires that you set a Crack Growth
Rate Model. This is material dependent data that describes the crack growth rate base on cyclic
loading and/or time.

6.5.1.4.1 Growth Rate Model: New Model - cyclic loading

Select the New Model button to display the dialog shown in Fig 6.5.34. Cyclic loading and time
dependent growth rate models can be defined. The cyclic loading models are described first.
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Growth model types

™ Create a cyclic loading growth rate model
™ Create a time dependent growth rate model

Cancel Back | [ext I

Figure 6.5.34 The crack growth rate model type dialog.

The Cyclic Loading Growth Model dialog, Fig 6.5.35, supports two general types of cyclic
growth models, “paired” and “inclusive” models. The difference between them is based on how
the stress ratio effects are incorporated. For a paired model, the “shape” of the crack growth rate
curve (Paris, Sigmoidal, etc.) is selected independently from the stress ratio algorithm (Walker,
Newman Closure or Table). The inclusive models (two different versions of the NASGRO
equation) have stress ratio effects built into the model equations.

Cyclic loading growth model

& Paired growth rate and R-ratio functions

Growth rate model:| | Stress ratio model:
* Paris &+ Mone

" Bilinear Paris " Walker equation
" Sigmoidal " Mewman closure
" Hyperbolic sine | | Table lookup

(" Table lookup

 NASGRO version 4 equation

* Key in

Browse |

=
~EIELL

= NASGRO user XML mat file

" NASGRO version 3 equation
" Modified Hartman-Schijve model

" User defined model

Cancel | Back | Mext

Figure 6.5.35 The cyclic loading growth model.

For the Paris crack growth rate model, for example, with no stress ratio effects, the next dialog
allows you specify either a temperature dependent or independent model, Fig 6.5.36. If the
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growth rate model is temperature independent, this means that only one set of growth rate
parameters (C and m for the Paris model) are required.

For temperature dependent models, different sets of growth model parameters are specified for

different temperatures, and FRANC3D interpolates among these values to find the appropriate
growth rate for the crack-front temperature.

Cyclic leading growth model

& Temperature independent model

" Temperature dependent model

Cancel Back | Mext

Figure 6.5.36 The temperature independent model selected.

For a temperature independent Paris model, the dialog shown in Fig 6.5.37 is displayed. The
Model Label, and Description fields are optional. These might be useful if the model parameters
are stored in a file for later reuse.

The units must be specified. The units need not be the same units use in the FE analysis. If the
units are different, FRANC3D will automatically perform the necessary unit conversions.
However, FRANC3D assumes that the units used within the growth model description (or within
the FE analysis) are self-consistent.

Growth Rate Model

Paris growth model: Plot |
da/dN=C AK"
Model Label (Optional): |
Description (Qptional): =
|
Units: |stress: MPa lenath: mm temp: C time: min Change |
|
C n DKth Kt I
l d4e-11 3 1 1e+004 |
| Cancel | Accept |

Figure 6.5.37 Dialog for entering temperature independent Paris growth model parameters.
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Each of the growth rate and stress ratio models are described in the following subsections. The
dialogs for entering the growth rate model parameters are like that shown in Fig 6.5.37; any
differences will be noted in each subsection.

6.5.1.4.1.1 Paris model

The Paris growth rate model (see Fig 6.5.37) is a power law model expressed as
da/ dN =C(AK eﬁr)"

The parameters < and » must be specified along with values for AK;j,,esn010 @8N0 K riticar 1
AK o < AK pyyeshotar 4a/dN 18 setto zero. If AK, 4 >(1— R)K 10, UnStable crack growth is

assumed and da/dN is infinite.

Note that FRANC3D labels the exponent for the Paris model as “n”. In addition to C and n,
values must be entered for AKinreshold and Ke. Specifying a small value for AKinreshold OF a large
value for K¢ will effectively turn off the possibility that the crack growth simulation will stop due
to a below-threshold or above-critical condition.

6.5.1.4.1.2 Bilinear Paris model

The Bilinear Paris model, Fig 6.5.38, is an extension of the Paris model; it has two linear
portions when plotted on a log/log graph. The equation is:

ﬁ_ Cl(AKeﬁf)nl AKeﬁf SAK*
AN |Gy (MK )™ AK gy >AK™

The parameters C;, Cy, ny, and ny must be specified along with values for AKX, 0,014 @nd
K riticalr W AK og < AK yesnora da/dN is setto zero. If AK g > (1— R)K pigjcar UNstable

crack growth is assumed and da/dN is infinite.
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f . . e T
Cyelic Loading ot Mod e —

il

Bilinear Paris growth model:

®
da/dN=C1 AK™! for AK <AK
®
da/dN=C2 AK™ for AK > AK

Flot |

Model Label (Optional): |

Description (Optional): -]
=
Units: |stress: unset length: unset temp: unset time: unset Ay change |
c1 | n1 c2 n2 Dkin | ke |
1)
Cancel | Back ”UTI

h =

Figure 6.5.38 Dialog for entering temperature independent Bilinear Paris parameters.

6.5.1.4.1.3 Sigmoidal cyclic loading growth model

The expression for the sigmoidal model, Fig 6.5.39, is:

P
@_63( MK ] [ MK
dN AK threshold AK hreshold

AK o

The parameters B, P, Q, D, AKj,esno1q» @d K. must be specified.

0 D
D In Kcritical

Sigmoidal growth model:

3 Q
dade=exp{B)[.MUMCm] [hr[AKf.&Kth)] [h(l(cfz‘_\.l(

D
)

Plot |

Model Label (Optional): |

Description (Optional): d
=
Units: |stress: unset length: unset temp: unset time: unset Ay Change |

B | P Q D pkin | ke |

|1

cancel | Back |[ en |

Figure 6.5.39 Dialog for entering temperature independent Sigmoidal growth model parameters.
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6.5.1.4.1.4 Hyperbolic Sine model
The expression for the hyperbolic sine model, Fig 6.5.40, is:
log( a’a/dN) = Cl smh( C2 [log( AK)+ C3])+ C4

The parameters Cy, Cy, C3, C4, AKypyesholas @nd K. must be specified. If Ak, < AK ;im0
da/dN is setto zero. If AK ;> (1— R)K .,isicqp Unstable crack growth is assumed and da/dN
is infinite.

Cyclic Loading Growth Madel e el e W — — — ——

|
Hyperbolic sine growth model: Flot

log(da / dN)=Cl1 513:]1(02[103(.-51() + cs]} +C4

Model Label (Optional): |

Description (Optional): =]

=

Units: |stress: unset lenagth: unset temp: unset time: unset Ay change |
¢ c2 c3 ca okih | Ke |

cancel | Back [ wen |

Figure 6.5.40 Dialog for entering temperature independent Hyperbolic sine growth model
parameters.

6.5.1.4.1.5 Table Lookup growth model

For a table lookup model, Fig 6.5.41, a list of AK and corresponding da/dN values are

specified. Linear interpolation is performed among logs of the specified values. The following
equation is used to interpolate between values i and i+1:

log(da/dN)=log(da/dN )+ log(AK o /AK;) 1 [da / dej

(0]
IOg(AKi+1/AKi) da/le

In addition to the (AK ., da/dN) values, a value must be specified for K,;cq;. The smallest
specified Ak, is assumed to be AKyj,pg0/4. FOr AK,, greater than the largest value specified
and AK,; <(1—R)K iyicqp the slope of the curve between the two highest specified points is
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extrapolated. This is unrealistic for many cases, so it is best to provide (Ax ., da/dN) data that
extend past the critical values.

One can use the File button (in Fig 6.5.41) to import data from an ASCII txt file. The data is
displayed in a dialog, Fig 6.5.42 — left side, which allows one to specify the delimiter. The next
dialog, Fig 6.5.42 — right side, allows one to identify the columns for AK and da/dN. Once data
has been read or entered, the Plot button (in Fig 6.5.41) can be used to display the data, Fig
6.5.43.

Cyclic Loading Growth Maodal -
)

Table lookup model: Plot |
Table lookup for growth rate

Model Label (Optional): |
Description (Optional): -
[~
Units: |stress: unset length: unset temp: unset time: unset /A Change |

NumberovaaIues:I 5 File | Kc: I 0
deftak |  daon |

[o]eJwlm]=

Qancell Back | Iext |

Figure 6.5.41 Dialog for entering temperature independent Table lookup growth model.
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,
[}neDmQ::iIIL
h_

Delimiters

" Values separated by spaces or tabs

(* ¥alues separated by commasi

-

Start data delimiter:
art gata celimiter Select Data Columns

I—
End data delimiter: I
I— .....

s

Missing value flag: |-ggg daidn + delta k =
L 00E-09 6. 4272

1
= - 4.00E-09 6.8339
i 00E_00)s 8355 = 1 06E-08 7 4426
1.06E-08|7. 4426 2 04E-0% 7.9929
2 04E-08[7 9929 4 00E-0O8 8. 7707
4. 0DE-08(3.7707 &.00E-08 9947
8. DDE-08/9.947 I 1.12E-07 10,9957
i 1.12E-07[10.3957 1.45E-07  12.0239
1 45E-07/12.0239 1.79E-07 13 1602
1.79E-07/13.1602 2 26E-07  15.0172
2.26E-07(15.0172 3. 00E-07 16. 7072
3.00E-0716. 7072 4 00E-07 18.1591
4 DDE-07/18.1591 _
6 ODE-0720 3395 S 0E-0e 23 111t
%-ggg—gggg-éé%i | 1 SOE-08 25 6874
2 E3E-06[30. 4432 2.53E-08  30.4432
5 DOE-06[37.7772 o.00E-06  37.777z
& DOE_0eld3 873% 8. 00E-0D6 43 8736 I
. . | |
1.87E-0C[54 084 1.87E-05  54.6884
i 4 00E-05[64.3366 7| i 4 0DE-05 64 3366
||
i
H S
Cancel | Back | Mext Cancel | Back | Finizh |
 S— — —_——— h

Figure 6.5.42 Dialog for importing Table lookup growth model data.
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Material Model —

Table lookup model
0.01 . .
0.001 | .
| 0.0001 | .
o
o
& LESL .
[|&
% 10E6 | .
3
1.0E-T L .
10E8 | .
1.0E-9 I | Ll L
10 100 100.0 1000.0
AK (MPa, fmm)
Plot units: |stress: MPa length: mm temp: C time: sec Change |
Dismiss | '
|

Figure 6.5.43 Plot of Table lookup growth model data.

6.5.1.4.1.6 No Stress Ratio model
This option turns off stress ratio effects. That is

AK 5 = AK

All the above growth rate model dialogs were shown with the stress ratio option set to None.

6.5.1.4.1.7 Walker Stress Ratio model

The expression for the Walker equation is

AK 5 =(1-R)" ' AK
{m+ R>0
m— R<O0
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The parameters M+ and M— must be specified.

NOTE: the Walker equation is defined relative to R = 0. That is, the parameters used for the

paired growth rate model (e.g., Paris parameters) should be those appropriate for R = 0.

For each of the growth models paired with the Walker model, the dialogs are shown in Figs

6.5.44 — 48.

-

Cyclic Loading Growth Madel

Paris growth model:

da/dN=C (AK, )"

Walker stress ratio model: Elot

AK o= AK(1L-R)™ ! for R>0
AK = AK(1-R™ ! for R<0

Model Label (Optional): |

Description (Optional):

Al
=l

Units: |stress: unset length: unset temp: unset time: unset

& Change |

c | n DKth

Kt m_pos | m_neg |

h

Qancell Back | Iext I
=

Figure 6.5.44 Dialog for entering temperature independent Paris growth and Walker stress ratio
model parameters.

da/dN=C2 (AK )™ for AK 5> AK g

-
Cyclic Loading Growth Model I
— g
Bilinear Paris growth model: Walker stress ratio model: Plot
nl + mp -1
da/dN=Cl(AK &) for AK <A 5 AE pp= AK(1- B for R>0

AK = AK(1-R™ ! for R<0

Model Label (Opfional): |

Description (Optional): ;l
LI H
Units® |stress: unset length: unset temp:unset time: unset /M Change |
c1 | ni c2 n2 DKth Kc | m_pos | m_neg | {

I

Qancell Back | Iext I
_—%—IJ

Figure 6.5.45 Dialog for entering temperature independent Bilinear Paris growth and Walker
stress ratio model parameters.
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-
Cyclic Loading Growth Model

Sigmoidal growth model:
D
)

da/dN= exp(B)[AKeEE! Axﬂ,]P[maKeEf Axﬂ,)]q[maccmxﬁ]

Walker stress ratio model:

AK = AK(1-R)PP !

AK = AK(-R™ ! for R <0

Model Label (Optional): |

for R>0

Description (Optional): A
=
Units: |stress: unset length: unset temp:unset time: unset /% Change |
B | P Q D DKth Kec | m_pos | m_neg |

[~

Cancel | Back | MNext I H
0 -4

—

Figure 6.5.46 Dialog for entering temperature independent Sigmoidal growth and Walker stress
ratio model parameters.

- —

Cyclic Loading Growth Model

Hyperbolic sine growth model:
log(da / d¥) = Cl1 sirﬂl(CZ{log(.&Ka&-) + Cs]) + 4

Walker stress ratio model:

AK = AK(-R™ ! for R>0
AK = AK(1-R™ ! for R<0

Model Label (Optional): |

Description (Optional): ;I
-]
Units: |stress: unset length: unset temp: unset time: unset & Change | [
I
C1 | c2 C3 c4 DKth Kc | mpos | mnes |

I

Cancel | Back | Iext Jll

Figure 6.5.47 Dialog for entering temperature independent Hyperbolic sine growth and Walker
stress ratio model parameters.
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Cyclic Loading Growth Model — '

Walker stress ratio model: Plot
Table lookup model: -1
AK = AK(1-R)"P

AK = AK(1-R™ ! for R<0

for R=0
Table lookup for growth rate

Madel Label (Optional): |

Description (Optional): A
Units: | stress: unset length: unset temp:unset time: unset & Change |

NumberofK\faIues:I 5 File | Kc: I 0

defta K | dafdN | Stress ratio parameters:

1 m_pos | m_neg |

B il L

3 l

4

|5

Cancel | Back | [ext

h —— — E

Figure 6.5.48 Dialog for entering temperature independent Table lookup growth and Walker
stress ratio model parameters.

6.5.1.4.1.8 Newman Closure Stress Ratio model

The expression for Newman Closure is

-
o ~a-r)™

where f is a function that accounts for the crack front being open for only a portion of the load
cycle due to plasticity induced crack front closure. It is defined as

f_Kopen_ max(R, Ay + A R+ A R* + 43R%)  R>0
Kimax Ay + AR —2<R<0

where the coefficients are given by:
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1o
Ay = (0.825-0.34c +o.05a2)[cos[%smﬂ

(0.415—0.07105)SM R>0
A= (o))
0.415-0.071x R<0
Ao =1-Ao— A~ Ag
Pg=2Rg+ A -1

The values of @ and S, /o must be specified, where « is a plane stress/strain constraint
factor and Sy, /0¢ is the ratio of the maximum applied stress to the flow stress.

NOTE: the Newman Closure equation is defined relative to R =Rgjosure. That is, the parameters
used for the paired growth rate model (e.g., Paris parameters) should be those appropriate for the

case of R =Rgjgsure, where Rejosure is the stress ratio where crack closure effects are no longer
significant. This value is typically about 0.7 for most materials.

For each of the growth models paired with the Newman Closure model, the dialogs are shown in
Figs 6.5.49 — 53.

Cyclic Loading Growth Madel

Paris growth model: Closure stress ratio model: Plot |

da/dN=C(AK.p" AK = AK(1-fR.ct) / (1-R)

Model Label (Optional): |

Description (Optional) Al

|

Units: |stress: unset length: unset temp: unset time: unset /A Change |
c n DKith ke | alpha |

Qancell Back | Mext I

Figure 6.5.49 Dialog for entering temperature independent Paris growth and Newman Closure
stress ratio model parameters.
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c1 | n1 c2 n2 Dkth | ke | apha |

|1

Cyelic Loading Growth Model
Bilinear Paris growth model: Plot |
al . Closure stress ratio model:
da /dN=CI (AK for AK o< AK
"ﬂgnz off el AK = AK(1 - fR0) /(1 -R)
daa"dN=C2(&Keﬂ) f“Meﬂ‘b-ﬁKeﬂ
Model Label (Optional). |
Description (Optional): |
=
Units: | stress: unset length: unset temp: unset time: unset /Ay Change |

Cancel | Back | [ext I
=

Figure 6.5.50 Dialog for entering temperature independent Bilinear Paris growth and Newman

Closure stress ratio model parameters.

da/dN= m{B)[aKeﬂme]P[mKeﬂr Axm)]q[mt;axeﬁ;]n AK = AK(1 - flR o) / (1-R)

Model Label (Optional). |

Description (Optional): :l
[~
& Change |

B | P a D Dkth | ke | apna |

Units: |stress: unset length: unset temp: unset time: unset

|1

Cancel | Back I Iext I

— |
EQMEGE I MEGE: Closure stress ratio model: Flot |

Figure 6.5.51 Dialog for entering temperature independent Sigmoidal growth and Newman

Closure stress ratio model parameters.
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Cyclic Loading Growth Model —— l
Hyperbelic sine growth model: Closure stress ratio model: Plot
log(da / dN)=C1 sﬁﬂa(m{log(.&l(eﬂg) + cs]) +C4 AK = AK(1-fR.0) / (1-R)
Model Label (Optional). |
Description (Optional): =]
=l
Units: | stress: unset length: unset temp: unset time: unset /A Change |
cr | c2 c3 ca Dkth | ke | apna |
il
Cancel | Back I Iext I

Figure 6.5.52 Dialog for entering temperature independent Hyperbolic sine growth and Newman
Closure stress ratio model parameters.

Cyclic Loading Growth Model

Table lookup model: Closure stress ratio model: Plot

Table lookup for growth rate AR = AK(1-fR.ou) /(1 -B)

Madel Label (Optional): |

Description (Optional): A
Units: | stress: unset length: unset temp: unset time: unset & Change |

Number of K values: I 5 File | K I 0

delta K | dafdn | Stress ratio parameters:

L pha |

— alpha

2 P!

3 il

4

El

Cancel | Back | Wext

Figure 6.5.53 Dialog for entering temperature independent Table lookup growth and Newman
Closure stress ratio model parameters.

6.5.1.3.1.9 Table Lookup Stress Ratio model

For a tabular stress ratio model, parameters for the associated growth rate model are specified for

various R values. For example, the specified values for a Paris model with tabular stress ratio
model would be
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Ry, (C,n, AKtnresholds Keritical)
R2,(C,n, AKihresholds Keritical) 2
R3, (C,n, AKthresholds Keritical)3

Linear interpolation is performed to find the crack growth rate for any R value between two
specified values Rj and Ri;1. Thatis

da_da  R-R (da _da
dN  dNi Rj;1—-Rj\dNjs1 dNj

If R is smaller than the smallest R specified, the growth rate corresponding to the smallest
specified R is used (if the user specifies that the values are capped, otherwise extrapolation is
done). Likewise, if R is greater than the greatest R specified, the growth rate corresponding to
the largest specified R is used (if the user specifies that the values are capped, otherwise
extrapolation is done).

For Table lookup growth rate and Table lookup stress ratio, FRANC3D interpolates using both
tables to find a crack growth rate for a given AK and R.

Given query values AK . and R

query ueryr CACK growth rates are extracted from the table using the
following algorithm:

1. R, and R, values are found that bracket the query value, R, <R, <R

query — u-"

2. AK,, AK,,, AK,,, and AK, are found where AK,, <AK,.,<AK, and

AK ,<AK . <AK ., with AK, and AK,, values associated with R, and AK, and AK ,

ul — query — uu?

values associated with R,.

Tuy

lu

3. Linear interpolation in log/log space is used to find intermediate growth rate data,

da
—(AK,R) llog (AKW},/AKH)

log(—da J:log(—da (AK,,,Rl)j+log dN
dN dN da (AK,.R) log (AK,,/AK,,
dN 17k

and

da
7(AKMM’Ru) log AK AK
log(ﬂ ]zlog(ﬂ(AKu,,Ru)jﬂog ng ( query] l,,)
dN., dN (MK, R,) log (AK,,/AK,,)
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4. Finally, normal linear interpolation is used to find the final growth rate

da_ da {ﬂ _@j@wy—m
dN  dN, \dN., dN.) (R,-R)

If during the interpolation process a query value (R,,,,, or AK_,,..) is found to be larger or

smaller than the largest or smallest corresponding value in the table, the query value is replaced
with the largest or smallest, respectively, available value.

Not that, as with all interpolation procedures, the accuracy of the results is dependent on the
density of the data available for interpolation. Very sparse tables can lead to inaccurate and, in
some cases, unrealistic crack growth predictions.

For each of the growth models paired with Table lookup stress ratio selected, the dialogs are
shown in Figs 6.5.54 — 58.

Cyclic Loading Growth Model
= [
FETE QT OTHIEE Stress ratio model: Flot |
da/dN=C (AK eﬂf)ﬂ Table lookup for growth parameters
Model Label (Optional): |
Description (Optional): =]
=
Units: |stress: unset length: unset temp: unset time: unset /A change |
Mumber of R values: 5 File |
R | c | n DKith ke |
1)
12
|3
4
|5
cancel |  Back [ wed |

Figure 6.5.54 Dialog for entering temperature independent Paris growth and Table lookup stress
ratio model parameters.
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Cyelic Loading Growth Model
— - — |
Bilinear Paris growth model: Plat
al * Stress ratio model:
da/dN=Cl(AK g  for AK < AK g
Table lookup for growth parameters
nl s
da/dN=C2 (AK " for AK &> AR g
Model Label (Optional). |
Description (Optional): -
=
Units: [stress: unset length: unset temp: unset time: unset & Change |
Number of R values: I 5  File |
R | 1 ] n1 c2 n2 DKth | ke |
|1
|2
El
|4
El
Cancel | Back I Iext
=

Figure 6.5.55 Dialog for entering temperature independent Bilinear Paris growth and Table
lookup stress ratio model parameters.

- ~
Cyelic Loading Growth Model — A
Sigmoidal growth model: Stress ratio model: Elat
P Q D
da-“"fN=“*"P‘fB)[*'5KeE“5Kﬂ{| []n(éKeEE"l AK“))] [m,([{c; ﬁKeEE)] Table lookup for growth parameters
Model Label (Optional). |
Description (Optional): -]
=l
Units: | stress: unset length: unset temp: unset time: unset /1 Change |
Number of R values: 5 File |
R | B | P a D Dkth | ke |
il
12
3]
ki
E
Cancel | Back I Tdext

Figure 6.5.56 Dialog for entering temperature independent Sigmoidal growth and Table lookup
stress ratio model parameters.

143



Cyelic Loading Growth Model —
Hyperbolic sine growth model: Stress ratio model: Blat
log(da / dN)=C1 sﬁﬂl(@{log(élceﬁf} + 03]) + 4 Table lookup for growth parameters
Model Label (Optional). |
Description (Optional): -]
=l
Units: | stress: unset length: unset temp: unset time: unset /1 Change |
Number of R values: I 5 File |
R | c1 | c2 c3 c4 Dkih | ke |
1)
12
|3
|4
E
Cancel | Back | Iext |

Figure 6.5.57 Dialog for entering temperature independent Hyperbolic sine growth and Table
lookup stress ratio model parameters.

Cyclic Loading Growth Model

Table lookup model: Stress ratio model: Plat
Table lookup for growth rate Table lookup for growth parameters
Model Label (Optional): |
Description (Optional): B
[
Units: |stress: unset length: unset temp: unset time: unset Ay Cchange |

Mumber of R values: I 5
R | aa |

table data
table data
table data
table data

[o]efwln]-

cancel |  Back | wen |

Figure 6.5.58 Dialog for entering temperature independent Table lookup growth and Table
lookup stress ratio model parameters.

For the Table lookup dialog (in Fig 6.5.58), double-click on the “table data” beside the given R
value to enter the da/dN versus AK data, using the dialog shown in Fig 6.5.59.
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Enter/Edit data

Mumber of delta K values: I 5 M
deltak |  dalaN | Kc | 0

1)

|2

3|

|4

5|

Cancel |

Figure 6.5.59 Dialog for entering temperature independent Table lookup growth and Table
lookup stress ratio model da/dN vs AK data.

6.5.1.4.1.10 NASGRO Version 4 equation

NASGRO is a fatigue life prediction program initially developed at the NASA Johnson Space
Flight Center and now supported and maintained by Southwest Research Institute. Built into the
NASGRO program is an analytical crack growth rate equation that incorporates several features
observed in real materials such as sensitivity to near-threshold and near-critical growth,
sensitivity to the R-ratio, and small crack sensitivity. The cost for flexibility in the growth model
is that there are sixteen fitting parameters. Some are common material properties (e.g., yield
stress), but most must be determined by performing regression analyses on empirical data.

The NASGRO package includes a database of pre-computed parameters for a wide range of
materials and product forms. However, as of NASGRO version 4, this database is only
accessible to members of the NASGRO consortium. As a practical matter, this means that this
model will be most useful to users who have access to the NASGRO program and can access the
parameters for a material of interest (see NASGRO version 3 below).

The NASGRO version 4 crack growth rate equation, Fig 6.5.60, is:

da |(1-1\[ AK
AN _C{(l—Rﬂ ( AKWT (12543
R

where C, n, p, and g are empirical constants. C and n are like the constants in the Paris and
Walker equations. However, while C in the Paris model should be selected to correspond to the
R of interest, and C in the Walker equation should be for R = 0, in the NASGRO equation the C
should correspond to a high R where closure effects are no longer significant (usually an R of
about 0.7)
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Cyclic Leading Growth Model

MASGRO growth model: Elot |
n
@ [a-p ] (- MKy AKF
E=C & AK
R - K/ %)
Model Label (Optional): |
Description (Optional): |
Units: Istress:unset length: unset temp: unset time: unset & Change |
Yield Kle Kth{s)Kth(l)

h- Alpha SmaxFLow

Threshald fanning exp | r Cth valug used in analysis | r Threshold ——— [ Toughness
L" Cth " Fth } & 0 initially Alpha SmaxFLow || O UseKic
e —— 0 throughout -- & Use Kle
 inputvalue throughout " Use K1cithickness)
ickness: I
E— | pr— | Thickness 0
Cancel | Back | I ext

Figure 6.5.60 NASGRO version 4 growth rate model dialog.

f is the function associated with Newman closure. AK,, is the threshold stress intensity factor
range below which there is no crack growth. It is approximated by the following empirical
equations:

l—R (1+RC},)
AK{‘LJ (1-A4)"™%  R>0

AK,, = {_R (1+RC)
AK;‘L f} (1-4) D R<0

where

12
{ }
a+a,

and C,, is an empirical constant, AK, is the observed threshold for a high R-ratio, and «, is a
small crack parameter (usually 0.0015in, 0.0381 mm).
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K_ is the fracture toughness. In FRANC3D, one has the choice to use the plane strain fracture
toughness, K, , the part-through toughness, K,,, or compute it from:

K, =K, (1+Be /")

where

t =2.5(K,C/0'ys)2

A, and B, are empirical constants, and t, the "thickness", is specified by the user (in 3D

applications the notion of thickness is not well defined and engineering judgment must be used
to set this value).

More details about this model can be found in the NASGRO theory manual. Note that
FRANC3D expects consistent units for the model parameters; in particular, the length units for K
and C must be the same.

The Write button allow one to save the parameters in this dialog to a file. The Browse button
allows one to read this saved data from a file.

6.5.1.4.1.11 NASGRO Version 3 equation

NASGRO version 3 is an earlier version of the NASGRO crack growth rate equation. The
current version of the equation (version 4) does a better job of modeling observed crack growth
rates for some conditions. This earlier version is included in FRANC3D because version 3 of
NASGRO, the last public domain version, included a database of equation parameters for a wide
variety of materials and product forms. That database is accessible from within FRANC3D.

The NASGROV3 crack growth rate equation is slightly different than version 4 equation. The
base equation is the same:

a o -5

dN [\1-R AR
1_ max
KC

The difference has to do with how threshold values are computed. In version 3, the expression is

1+CR
AKy = AKg |2 / J
a+ap (1 Ao)(l R)
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where a is the crack length and dy has a fixed value of 0.0015 in (0.0381 mm).

Fig 6.5.61 shows the dialog for entering the NASGRO model parameters. The NASGRO

version 3 material database contains data for a wide variety of materials, and this data is included
in FRANC3D and accessible by selecting the Material Properties Database button.

Cyclic Loading Growth Model
MNASGRO v3 growth model: Plaot |
n
da_ [a-p ] (- &Ky /AR
U (R A - Ky, /K
Model Label (Optional): |
Description (Optional): -
=
Units: Istress: unset length: unset temp:unset time: unset /1 Change |
uTs: Yield: K1e: Kic: Ak: Bk: al: C.
I 0 I 0 I 0 | 0 I 9 I 4 I A I K critical:
- = Kle
n: p: q: DKO: Cth: alpha: Smax/Flow: hickness: .
Klc
I E B B E— B T— e
Material Properties Database |
Cancel | Back | Iext |

Figure 6.5.61 NASGRO version 3 growth rate model.

The dialog boxes shown in Fig 6.5.62, allow the analyst to automatically fill in the required

NASGRO v3 parameter fields from this database.
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i —_— B
Masgra v3 Material Database Nasgro v3 Material Database e ———
_ —————

Select Units Select NASGRO Material

& Metric Units 2 IRON, ALLOY OR CAST

" US Customary Units r ASTM SPEC. GRADE STEEL
1 AISI STEEL

2 MISC. U.5. SPEC. GRADE STEEL

O TRADE/COMMON NAME STEEL

® AISI TYPE STAINLESS STEEL

O MISC CRES/HEAT RESISTANT STEEL
2 HIGH TEMPERATURE STEEL

O TOOL STEEL

||| 1000-9000 SERIES ALUMINUM |
I O CAST AND MISC. ALUMINUM
2 TITANIUM ALLOYS

O NI ALLOYS/SUPERALLOYS I
O MISC. SUPERALLOYS

' COPPER/BROMZE ALLOYS
O MAGNESIUM ALLOYS N
 MISC. NON-FERROUS

Cancel | <] Back | Mext [» | Cancel | <] Back

— =
Nasgro v3 Material Database e Nasgro v3 Material Database e
Select NASGRO Material Select NASGRO Material
® AlIS| 300 series ® 301 annealed 2 301 full hard 2 308 annealed
O 31620% cw. O 301 12 hard 2 304 annealed
21 316 annealed
| i I
N |
Cancel | Cancel |
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Nasgro v3 Material Database — Nasgro v3 Material Database —
Select NASGRO Material Fatigue Properties
® Ann Sht & pit AlSI TYPE STAINLESS STEEL
AlS1 300 series
301 annealed
Ann Sht_pit
Label: m =
uTS: [ 62085
vield [ 2768
Kle: m
{l |8 Kic m |
Ak —1
BK: [ s
al: m
c [ 632186013
| n: E] |
o [ 0257
Cancel | T <] """ E ack I ’W‘ | Cancel | <] Back | Finish |

Figure 6.5.62 NASGRO version 3 material database dialog boxes

6.5.1.4.1.12 Modified Hartman-Schijve

The Modified Hartman-Schijve growth model is shown in Fig 6.5.63.

Maodified Hartman-Schijve growth madel: Plaot |

da D( AK — AK,, )“
AN \/1 - ‘r{umx J'f ‘r{c'

Model Iabel (optional): |

Description (optional): Al
=l
Units: Istress: unset length: unset temp: unset time: unset & Change |

D P DKth ke |

Qancell Back | et I

Figure 6.5.63 Paris temperature dependent model with no stress ratio model.
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6.5.1.4.1.13 User-defined model

The user-defined option will be active if the user has included the Python extensions and
appropriate Python functions. This is described further in Section 14.6.

6.5.1.4.1.14 Temperature dependent growth rate

Temperature dependent growth rate models are implemented in a tabular manner. Growth model
parameters are specified for several different temperatures and interpolation is performed among
the computed da/dN Values. For example, the specified data for a temperature dependent paired

Paris/Walker growth model would be

Temperature;, (C,n, AK¢nreshold: Keritical, M+ M=)
Temperaturey, (C,n, AKihreshold: Keritical: M+ M=)2
Temperatures, (C,n, AKihreshold: Keritical: M+, M=)3

Three different interpolation options are available: closest, next highest, and linear interpolation.
For closest interpolation, da/dN is determined for the tabular temperature closest to the input

value. For next highest interpolation, da/dN is determined for the next tabular temperature

higher than the input value. The expression for linear interpolation between two tabular values i
and i+1is

da _ da N Temperature —Temperaturej (da ~ da

dN dNj Temperaturej,;—Temperature; \ dNjs1  dNj
If the input temperature is smaller than the smallest temperature specified, the growth rate
corresponding to the smallest specified temperature is used (if the user specifies that the values
are capped, otherwise extrapolation is done).. Likewise, if the input temperature is greater than
the greatest temperature specified, the growth rate corresponding to the largest specified
temperature is used (if the user specifies that the values are capped, otherwise extrapolation is
done).

If temperature data is not available in the data for the current FEM model, room temperature
(70°F, 20°C) is assumed.

The dialogs for the Paris growth model, for no stress ratio, Walker stress ratio and Table lookup
stress ratio are shown in Figs 6.5.64 — 66. For the Table lookup model, double-click on the
“table data” to enter the Paris data for the specified temperature, Fig 6.5.67.

The dialogs for the other “paired” growth models are similar.

151



Note that for Table lookup growth rate with Table lookup stress ratio and temperature

depen

dence, there are multiple levels of tables for entering the data.

-

Cyclic Loading Growth Madel —
Paris growth model: Plot
da/dN=CAK"
Model Label (Optional): |
Description (Optional): -]
[
Units: |stress: unset length: unset temp: unset time: unset Ay Cchange |
Mumber of temperatures: I 5 File | " Interpolate  Closest & Next highest
Temperature | C | n DKih ke |
1]
12
|3
14
|5
cancel | Back |[ 1on

Figure 6.5.64 Paris temperature dependent model with no stress ratio model.

Cyclic Loading Growth Model

Walker stress ratio model: Plot
Paris growth model:

AK = AK(1-R)™P !

MK = K(1-R™ ! for R <0

n for =0
da /dN=C (AK )

Model Label (Optional. |

Description (Optional): =]
=l

Units: | stress: unset length: unset temp: unset time: unset /Ay Change |
Numberoftemperatures:l 5 File | € Interpolate  Closest " Nexthighest

Temperature I C | n DKth Kec m_pos I m_neg I
1)
12
|3
|4
E

Cancel | Back | [Mext

A

Figure 6.5.65 Paris temperature dependent model with Walker stress ratio model.
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Cyclic Loading Growth Model

Paris growth model: Stress ratio model: Plot
da/dN =C(_-‘_\.Keﬂg)ﬂ Table lookup for growth parameters
Model Label (Optional): |
Description (Optional): ;'
=
Units: |stress: unset length: unset temp: unset time: unset /Ay change |
Mumber of temperatures: I 5 ¢ Interpolate ¢ Closest ¢ MNext highest
Temperature | data
1] table data
2| table data
3] table data
4] table data
15 table data
cancel | Back [ 1en

S

Figure 6.5.66 Paris temperature dependent model with Table lookup stress ratio model.

Enter/Edit data
NumbernvaaIues:I 5 File |
R | c | n DKin ke |
1
2
13
E
E
Cancel |

Figure 6.5.67 Paris temperature dependent model with Table lookup stress ratio model dialog for
entering Paris data.

6.5.1.4.2 Growth Rate Model: New Model - time dependent loading
There are five time-dependent growth models, Fig 6.5.68; these are described in the subsections

below. Each of the models can be temperature dependent or independent, Fig 6.5.69, like the
cyclic growth rate models.
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Time dependent model

Growth rate model:

* Power law

" Terachi SCC model

= Zencrack COMET model
" Table lookup

Cancel Back | MNext

Figure 6.5.68 Dialog to select a time dependent growth model type.

Time dependent model

¥ Temperature independent model

" Temperature dependent model

Cancel | Back | Mext

Figure 6.5.69 Dialog to specify temperature dependent or independent for time dependent
growth model.

6.5.1.4.2.1 Time Dependent Power Law

The dialog to specify the power law time dependent growth and temperature independent model
parameters is shown in Fig 6.5.70. Again, as for cyclic loading, Units must be specified. For
time dependent rates, the threshold (Kin) is an actual K value rather than a AK value. If Knoig is
below this value for any crack front point, there will be no time dependent crack extension for
that point.
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Growth Rate Model

Growth rate model: Plot |
da/dt=AK"
Model Label (Optional): |

Description (Optional): 14l
= |

Units: |stress: MPa lenath: mm temp: C time: min Change |
|
A m Kth Ke '
E 5e-018 5 1 1e+004 !

| cancel | Accept |

Figure 6.5.70 Dialog box for entering time dependent power law growth model parameters.

6.5.1.4.2.2 Time Dependent Terachi SCC

The dialog to specify the Terachi stress corrosion crack (SCC) time dependent growth model
parameters is shown in Fig 6.5.71. The dialog is like that of the Power law model. However, the
equation is a function of the material yield stress.

r |

Time Dependent Growth Madel — i

Terachi SCC model: Plot |

- n_ . Q
da/dt= Aoy K exp(2)

Model Label (Optional): |

Description (Optional): d

=

Units: |stress: unset length: unset temp: unset time: unset Ay Cchange |
A | m n | Q | | Ke |

Yield Stress: lf‘“lt.‘.onstant:l 0 ¢ Table: Edit &

Qancell Back | Finish

e e we—— = = —_— — X

Figure 6.5.71 Dialog box for entering time dependent Terachi SCC growth model parameters.

Yield Stress can be specified as constant or can be given in a table. For the Table option, pairs of
numbers are given that specify a depth from the nearest surface and a corresponding yield stress.
Linear interpolation is performed within the given values, with the minimum and maximum
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values assigned to crack front points whose depths fall below or above the given depths,
respectively.

6.5.1.4.2.3 Zencrack COMET model

The dialog to specify the Zencrack COMET time dependent growth model parameters is shown
in Fig 6.5.72. The exponent is temperature dependent and must be set here.

Time dependent growth model

Zencrack COMET model: Plot

da o AE_B!T‘ if, T = T;h"'lrm'ucf
o = DWK)" where D = S BT -T,), if, By <T < Tin+ Fiena
0, if, T <1,
Madel label (optional): |
Description (optional): |
[
Units: Istress: unset length: unset temp: unset time: unset Ay Change |
Number of temperatures: I 3
A B Tth Tblend Ke

p Temperature | exponent n |

Parameters E and F are computed internally.

[eofra[—

Cancel | Back | Ernish I
Figure 6.5.72 Dialog box for time dependent Zencrack COMET growth model parameters.

6.5.1.4.2.4 Time Dependent Table Lookup

Time dependent growth can be entered using a Table lookup model, Fig 6.5.73. Interpolation is
done based on the K values to obtain the da/dt.
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-
Time Dependent Growth Madel l
T

Table lookup model: Plot
Table lookup for growth rate

Model Label (Optional): |

Description (Optional): ;l
]
Units: | stress: unset length: unset temp: unset time: unset /N Change |
NumberovaaIues:I 5 File | Ke: I 0
K | cam |
al
12
|3
|4
|5

cancel | Back |[ Finien |
-

Figure 6.5.73 Dialog box for entering time dependent Table lookup data.

6.5.1.4.2.5 User model

The user-defined option will be active if the user has included the Python extensions and
appropriate Python functions. This is described further in Section 14.7.

6.5.1.4.2.6 Temperature dependent time dependent growth

As with the cyclic growth rate models, time dependent growth models can also be temperature
dependent. The dialogs are shown in Figs 6.5.74 — 75 for the power-law and table-lookup time-
dependent models. For the Table lookup model, there is a lower-level table that is accessed by
double-clicking the “table data” field, Fig 6.5.76.
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Time Dependent Growth Model

Growth rate model: Plat |

da/dt=AK"
Model Label (Optional): |
Description (Optional): =]
Units: |stress: unset length: unset temp: unset time: unset /Ay Change |
Numberoftemperatures:l 5 File | " Interpolate ¢ Closest { Nexthighest
Temperature I A | m Kth Kc |

[o]efw]lw =

cancel | Back |[ Finen |

Figure 6.5.74 Dialog for entering temperature dependent time dependent Power law data.

- ——— 3
Time Dependent Growth Madel
Table lookup model: Plot
Table lookup for growth rate
Model Label (Optional): |
Description (Optional): B
[
Units: |stress: unset length: unset temp: unset time: unset Ay Cchange |
Number of temperatures: I 5 " Interpolate  Closest ¢ Mext highest
Temperature | data
|1 table data
2| table data
B table data
4] table data
5] table data
cancel | Back |[ Fincn |

Figure 6.5.75 Dialog for entering temperature dependent time dependent Table lookup data.
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Enter/Edit data

Mumber of K values: I 5 File |
K | dawat | ke | 0

|1

|2

El

4]

El

Cancel |

Figure 6.5.76 Dialog box for entering Table lookup K vs da/dt data.

6.5.1.4.3 Growth Rate Model: Read From File
The Crack Growth Rate Model Read From File button (see Fig 6.5.8) allows one to read a crack
growth model that was previously defined and saved to a file. This file contains only the crack
growth rate information. It is used in conjunction with the Save To File button in Section
6.5.1.4.6. It is an ASCII text file and should contain this data “block”:

CRACK_GROWTH_RATE

(
VERSION: 2

)

6.5.1.4.4 Growth Rate Model: View/Edit da/dN

The Crack Growth Load Schedule View/Edit da/dN button (see Fig 6.5.8) displays the
previously defined cyclic loading growth rate model in the dialog.

6.5.1.4.5 Growth Rate Model: View/Edit da/dt

The Crack Growth Rate Model View/Edit da/dt button (see Fig 6.5.8) displays the previously
defined time dependent growth rate model in the dialog.

6.5.1.4.6 Growth Rate Model: Save To File
The Crack Growth Rate Model Save To File button (see Fig 6.5.8) allows the user to save the

growth model to a file. This file contains only the crack growth rate information; it is used in
conjunction with the Read From File button in Section 6.5.1.4.3.
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6.5.1.5 Subcritical Mixed-mode equivalent K

The equivalent K or AK can be defined using only Mode I (KI) or using all three Modes, Fig
6.5.77. If the K*" is based on all three SIF modes, the sign can be set based on the sign of K,
K or Ky or it can be set as always positive or always negative.

Mixed-mode equivalent K

equiv _ - v 2 2
C K =K O " L J K% + K+ K

T 0 ym: | 0

sign: & fromE;  fromKpg  fromKpy " always positive {  always negative

Figure 6.5.77 Equivalent K options
If the SingleCrystal menu is active, the dialog will include an additional option, Fig 6.5.78, that
allows one to use Krss as K*1""; Section 12 will describe the single crystal options in more
detail.

Mixed-mode equivalent K

&R g ol w’}fﬁﬁjnf[[.r{“f+:jn,fm.r{mf

R e o . Yo I—U
STgn tive € always i

& wwm K C womK; C mom Ky € always positive

Figure 6.5.78 Single Crystal Equivalent K options

6.5.1.6 Subcritical Effective dK

There are two options for how AK is computed. The default behavior is to simply compute AK =
Kmax — Kmin. In cases where the minimum loading at the crack front is compressive (and contact
elements are not explicitly inserted into the crack faces to prevent crack overlap), the computed
Kmin and corresponding stress ratio (R) will be negative. Such crack face overlap is physically
unrealistic, but it is customary practice to accept the negative values, and meaningful engineering
predictions can be performed with these values provided the appropriate parameters are used
with the growth rate and/or stress ratio models.

Optionally, FRANC3D can be instructed to compute a more physically realistic AK that only
considers portions of a load cycle where the Ks are positive. That is:
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AK = Kmax — Kmin rf Kmin >0
Kmax if Kmin <0

Effective values of the stress intensity factor range and R account for the situation where the
crack is closed during a portion (or all) of a load cycle. The default behavior in FRANC3D is to
check for a closed crack for the complete cycle and to set the stress intensity factor range and R
to zero:

A Kequivalenl_ 0 Klel%bgvalents 0
effective K €quivalent Krc;q]ab)t(ivalent> 0
and
equivalent _ 0 Krerqlalgl(lValemS 0
effective Requzvalent Kf‘rq]algt(zvalent> 0

This default behavior allows for negative R values.

FRANC3D allows the option to truncate the stress intensity factor range to eliminate the negative
(closed) portion of the cycle. In this case, the expressions are:

ivalent
0 KEauvarent< o
equivalent _ equivalent equivalent
AKeﬁ”ective =31AK Kmin >0
equivalent equivalent
KEq4 K& <0
0 Kequivalenl< 0
max =
equivalent _ ) pequivalent equivalent
Reﬁ"ective =R Kmin 20
equivalent
0 K in <0

Note that there are several mechanisms that have been identified as being able to keep the crack
closed even when the current "remote" loading is positive. The most significant is plasticity-
induced crack closure. This is one proposed explanation for the observed dependency of crack
growth rates on the R. The effective values computed here do not explicitly account for this
(plasticity-induced closure is treated implicitly by some of the available crack growth rate
models), they only consider "global™ closure where the currently applied "remote™ load is
negative.
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6.5.1.7 Subcritical Integration Options

There are two options that affect how the crack growth integrations are performed when
computing total life (see Fig 6.5.8). If the Accelerated counting option is selected (the default),
FRANC3D will try to use an accelerated cycle counting algorithm based on Runga-Kutta
integration. If this option is turned off, FRANC3D will perform cycle-by-cycle counting. The
accelerated counting might be slightly less accurate than cycle-by-cycle counting, but usually the
difference in the computed fatigue lives for the two methods is less than 1-2% of the total cycle
count. On the other hand, for analyses where the per cycle crack extension is small, for some
models, the accelerated counting has been shown to give greater than 1000x reductions in the
time required to compute total fatigue lives.

The Constant K for time integration option can be set to speed-up the integration of time
dependent growth. In general, the stress intensity factor will be function of time, so FRANC3D
evaluates the integral:

t
Aa =IA- Kh0|d(f)m dr
0
where t is the hold time. The integral is evaluated using Runge-Kutta integration.

If, however, the crack growth over a hold interval is small, K can be assumed to be constant
during the interval leading to the (much faster to evaluate) expression:

Aa=A- Km)ld -t
If this option is selected, FRANC3D will assume that K is constant over all time intervals.

The user can choose between Runge-Kutta (RK) and Cycle-by-cycle (CxC) integration to
compute life or cycles. A 2" order RK approach is implemented, Fig 6.5.79.

a

da
Aal = ANXE(QN)

} error, O(AN';J Aay = AN x j—;(aN +1 Aal)

a NAAN[- """ """ mmmmmmmmmmmmmmm s 2

computed Aa 3
AN+ AN :a’NJrAaz +O(AN J
(f_\' -----------

| ! N
N Nilay N+AN

L ]

i
specified AN

Figure 6.5.79 Second order Runge-Kutta integration.

162



6.5.1.8 Dynamic Pairing Metric

There are two options, currently active, that determine the dynamic pairing. The AK is the
standard default, but d/dN can be chosen instead.

6.5.2 Quasi-static crack growth
The first dialog of quasi-static crack growth, Fig 6.5.80, is the same as for subcritical crack

growth. The method for computing the kink angle must be specified (see Section 6.5.1.1).

Kink angle model

Kink angle model

& Maxtensile stress (MTS)  max (K (8))

'2 A
" Max shear stress (MSS)  max (V"f(quff{[cjﬁ)) + (1 K (8)) )
" Generalized stress max (MTS, MSS5)

2 2
" Strain energy release rate max (K{{S)z + (q;“K['[(B)) + [:qym.'{[r[[{ﬂ)j )

" Planar 8 =10
" User defined mode

™ Kink angle limit daximum kink angle (deg I 0

Mixed mode eta factors
woa A

Crack growth resistance

[ Anisotropic toughness settoughness paramete |

Cancel | Back | Mext

Figure 6.5.80 Kink angle model panel.

The next dialog, Fig 6.5.81, allows the user to specify the power for the growth model, as well as
specifiying the K®“" and the load step(s) to be used. The extension at all crack front points are
computed based on the simple power law, Fig 6.5.82.

The sign for K&V can be set (see Section 6.5.1.5). If the SingleCrytal menu is active, K&V can
be set to Krss (see Section 6.5.1.5); this option is not shown in Fig 6.5.82.
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Cuuasi-static Growth Parameters

Power Law Growth Parameter

2% = A ian®i Kmedian)

Quasi-static Growth Parameters

Power Law Growth Parameter

85;= Bt gian®i Kimedian)

Mixed-mode equivalent K
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= & C K= K+ pkp)” + (K
7 | 0 e 0
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Mixed-mode equivalent K
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| 0 Vi | 0
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Figure 6.5.81 Quasi-static growth parameters panel.
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Figure 6.5.82 Quasi-static crack growth.

The default value of nis set to 2. This is based on a simplified analysis of crack front node
interactions. Consider a crack front with nodes i and j as shown in Fig 6.5.83. If we ignore

interactions among nodes:

K, =K.= O-i\/?“if(ai) = (o; +A<7i)\/7f(ai +Aa;) f(a;+Aq;)

o7, f(a;)

\/(“ﬁAai)” =

(o;+A0;)f(a;+Aa;)
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Figure 6.5.83 Nodes i and j on crack front.

6.5.3 User-Defined crack growth

User-defined crack growth is activated if the user has pre-defined Python extensions; this is

described in Section 14.7.

6.5.4 Read growth parameters from a file

The user can save the crack growth model data to a file after defining it, and this file can be read
back into FRANC3D. This is especially useful for the subcritical crack growth. This file is an

ASCI|I text file and contains both the load schedule (see Section 6.5.1.3) and the crack growth

rate (see Section 6.5.1.4) data.
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6.5.5 Crack growth front fitting

Once the crack growth model has been defined, FRANC3D will display the computed crack
growth, Fig 6.5.84. The crack extension can be adjusted in this dialog if needed. The computed
new crack front points are smoothed and extrapolated (for surface flaws); there are several
options for this.

Crack Growth

Display

[~ Markers
V¥ Vectors
¥ Polygons
W Text

™ Mesh

[~ Crk Geom

Save | Read
BRba
T L]
View Options
__ Recenter_|
_ Ceptre_|
Lol By
Crack Extension Front Fitting Options
 extension: I 0.12 scale node: I " KinkAngle/Extension Poly Fit polynomial order. I 3
€ number of cycles I I @ Fixed Order Poly Through Points extrapolate (%): I El I 2
C ellapsec Multiple Poly Through Points ignore n end points: I—U I—U
| Hermitian Closed Po
Edit Growth Paramsl SI"IOWSIF'S'  Cubic Spline muluple polyrauo I g
Estimated Increments  Moving Polynomial iy puly g 7
o I— I— " No Smoothing W Allow fit adjustment
I— I— Kink Angle Displayl Savel
Extension : Displayl Savel

Marker size:  big & med ¢ small
[~ save ftand crkfiles

Cancel | <] Bac | DNext [» |

Figure 6.5.84 Crack growth display dialog.

Specified extension or number of cycles or elapsed time can be chosen to adjust the amount of
crack extension. The cycles and time options are available if the crack growth model includes

such.

Note that a scale node of 0.5 represents the median; extensions are sorted from minimum to
maximum, and the scale node varies from 0 to 1. For a specified median-extension, the crack
extension at crack front point i is computed from the expression:
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(AR R,)
dN

Aai = Aamedian da

dN ” ( median’Rmedian"“)
median

where Aa,,.... is the crack extension specified for the point with the median stress intensity
factor range (Fig 6.5.85), da/dN, is the crack growth rate computed at point i using the specified
growth rate model, and da/dN, .. is the crack growth rate computed at the crack front point

with the median stress intensity value. The crack growth rates at crack front points will be
functions of the corresponding AK , R, and other growth model parameters.

predicted new
b crack front

pointi — \"‘..:\Aai computed

i extension

/ Aa, specified
' extension

point withthe
median K value

current
—
crack front

—“"

Figure 6.5.85 Computed extension based on specified median extension.

Note that the selection of the reference ax value is arbitrary. The maximum, minimum, and
average Ak are reasonable values to consider. The median value is used by default in
FRANC3D because experience shows that the maximum and minimum values frequently occur
where a crack front meets a free surface where the accuracy of the computed stress intensity
factors are known to be least accurate.

In some cases, the inaccuracy of these maximum and minimum values can lead to a very
unintuitive relationship between the reference specified amount of crack extension and the actual
predicted crack front. In extreme cases, inaccurate maximum and minimum values can have a
significant impact on the average value leading to an unintuitive behavior for this measure also.

The scale node setting allows the user to alter the location of the specified extension. The
extensions are sorted from minimum to maximum, and the scale node can vary from 0 to 1. For
example, setting the scale node to 1 means that the specified extension will be applied at the
crack front location where the maximum extension is computed. The Aajare computed relative
to this location (and its corresponding values SIF, growth rate, etc.).
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The expression for crack extension at crack front point i using the specified cycles option is
d
Aa, =N x 2L (AK,R,...)
dN

where N is the specified number of cycles and da/dN , is the crack growth rate computed at point
I using the specified growth rate model.

The specified number of applied cycles approach seems more intuitive than the specified median
crack front extension approach for many analysts. However, the fatigue crack growth models are
highly nonlinear functions so trial-and-error might be required when using the specified cycles
approach to find the number of cycles that does not give excessively large or small predicted
crack extensions. Excessively large values might give inaccurate results, while excessively small
crack extensions might require many growth steps or, in some cases, might cause meshing
problems.

6.5.5.1 Multiple crack front fitting

For a model with multiple crack fronts, there is an extra panel on the left side at the bottom, Fig
6.5.86. The Grow crack fronts pane allows one to turn off crack growth or to scale the extension
for a particular crack front. The growth of multiple crack fronts is treated in the same manner as
a single crack front — all the SIFs for all the fronts are examined to find the median value and
then all crack front extension is computed as described above.

Crack Extension Front Fitting Options
* median extension: 0.075 Fitfront: | o -
- 1000 0 " KinkaAngle/Extension Poly Fit polynomial order: 2
i~ 0 0 % Fixed Order Poly Through Points extrapolate (%): 3 3
™ Multiple Poly Through Points ) L
Edit Growth Params| Show SiF's| - ignore nend points: | 0 | 0
Estimated Increments " Cubic Spline g
’70 liu " Moving Polynomial Kink Angle: Display| Save
’70 Iiu "~ Mo Smoothing Extension: Display| Save
[ Save fitand .crkfiles
EENTEETELE Display front points: & big & med  small
front | arow | factor |
0 I 1.000000
1 v 1.000000
2 I 1.000000
3 7 1.000000

Figure 6.5.86 Crack growth extension and fitting options for multiple crack fronts.
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6.5.5.2 Front fitting options

The Front fitting pane includes options for curve fitting, fields for extrapolating the ends of the
fitted curves, and the option to discard crack front points at either end. The curve-fit options are:
1) kink angle/extension poly, 2) fixed order poly, 3) multiple poly, 4) Hermitian, 5) cubic spline,
6) moving poly, and 7) no smoothing. These are described in the following sub-sections.

The polynomial order for any of the poly-fitting options can be set in the fixed poly order field.
The default order is 3.

The ends of the fitted curves can be extrapolated to ensure that the curves intersect the model
surface. It is required that the crack surface geometry intersect the model surface. New crack
surface geometry is created between the current and new crack fronts. FRANC3D tries to ensure
that the curves are extrapolated far enough, but the user also can visually determine whether the
extrapolation is sufficient (or too much).

A set of points at either end of the crack front can be ignored. If the end points cause problems
in fitting or extrapolating, the user can ignore some of these end points.

The Save .frt and .crk files option allows the user to save the new front points and the new crack
geometry to a file before inserting it into the model. The .frt file can be read using the Read
Crack Growth wizard, which is described in Section 6.6. The .crk file can be read using the
Flaw From Files option, see Section 6.2.

The Kink Angles and Extension buttons bring up plots of the computed kink angle, Fig 6.5.87 —
left panel, and crack front extension, Fig 6.5.87 — right panel, along the crack front, respectively.

7 XY Plot S i xv Plot oty
Crack front: 0; Order: 3; Cor coeff 0.976271 Crack front: 0; Order: 3; Cor coeff 0.976271
0.016
0.0050 L /
0014 [
'%Jh -0.0050 | ,g
8 g oonf
3 £
D015 L
0.0100
0025 1 1 Il Il 1 1 1 1 0.0080 Il Il 1 1 1 1 1 1
-0.400 0.0000 0.400 0.800 1200 -0.400 0.0000 0.400 0.800 1200
x X
Return | Return |

Figure 6.5.87 Plots of kink angle and crack front extension along the crack front.
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6.5.5.2.1 Kink Angle/Extension Poly Fit

Using the kink angle and extension data, a best fit polynomial is fit through the kink-angle and
extension data, using the polynomial order from the fixed poly order field. The curve-fits can be
extrapolated, and then new extrapolated crack front points are defined based on these and the
existing crack front geometry.

As an example, consider a penny-surface crack with the kink angle and extension from Fig
6.5.87. The initial crack boundary edges, the actual crack surface, which is shaded grey, the new
front points as green dots, and the curve fit shown as a blue line are shown in Fig 6.5.88. The
black dots on the original crack front correspond to the fitted front points, where the extension
and kink angle are applied to produce the new fitted points. The kink angle and extension curves
are extrapolated to compute these new end points that fall outside the model.

-

Figure 6.5.88 New front fit based on kink angle and extension curve-fits.

6.5.5.2.2 Fixed order poly through points

The fixed order polynomial option is the simplest and the most used fitting option. A polynomial
is fit through the new front points in Cartesian space based on a least-squares fit. The order of
the polynomial is provided in the fixed poly order field. This polynomial can be extrapolated a
small distance to make sure the new front intersects the model surface. Best results are obtained
with low order polynomials and limited extrapolation; if the crack front does not suit a simple
polynomial, one of the other fitting options should be chosen.

6.5.5.2.3 Multiple poly through points
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For long shallow crack shapes, the multiple polynomial fit might be the best option. This option
uses three polynomials. The number of points in the two end polynomials versus the middle
polynomial can be adjusted using the multiple poly ratio. The ends of the polynomials are
blended, but kinks can be created so this option should be used with care.

6.5.5.2.4 Hermitian closed poly

The Hermitian polynomial is used for fitting closed crack fronts such as interior cracks. It is not
active if all cracks are open-ended surface cracks. The Hermitian fit is performed using four
equal segments; thus, it works best for circular shapes.

6.5.5.2.5 Cubic spline

A cubic spline fit can be used for crack fronts that do not allow for a simple low order
polynomial fit. A cubic spline will follow arbitrary curves. The ends of the crack front are
extrapolated using a linear segment through the end points for open-ended surface cracks. This
option is comparable to the moving polynomial described next.

6.5.5.2.6 Moving polynomial

A moving polynomial fit uses the polynomial order given in the fixed poly order field. A subset
of the crack front points is used for successive curve fits, moving along the full crack front in
increments from one end to the other. Like the cubic spline fit, this option is good for arbitrary
curves. The ends of the crack front are extrapolated using a linear segment through the end
points for open-ended surface cracks.

As an example of crack fronts that do not work well with a simple polynomial fit, consider the
crack fronts in Fig 6.5.89. Fig 6.5.90 shows these same crack fronts using a moving polynomial
fit; comparable results can be obtained for cubic spline fits.

For the left-side crack in Fig 6.5.89, an 8" order polynomial fits the data, but extrapolating such
a high order polynomial does not work well; in this case the extrapolated curve does not intersect
the model surface. In the second example, a 12! order polynomial cannot capture the curve.

Fig 6.5.90 shows a moving polynomial (or spline) fit that matches the data and provides
extrapolated end points that are outside the model.

For crack fronts with concave segments, new crack front points can overlap depending on the

amount of extension. The moving polynomial (and cubic spline) fits look for reversals in the
crack front points, and points are discarded if this happens.

171



T VA Y P ST W g SV A SV
e B N VL va VL v o g
S O RO DAL IR AR
B A et e "

ik

T
e

il
Vi
3
o
(>4
S
[
]
Yl &
Y
A‘%"
P
T
i
A
VA
3

-,
&

FATATAVARNA ¥, GO Tk
SO e e e AT Sy
“‘mewgﬂmumééﬁuﬁekmﬁﬁk"ﬂﬁggf
4
RS

I R e Ay T o S AN A A R
SR IR RO EOCERE]

A S A RN S AR R e A
S o RS S A A R R IS A AR
RS A I R PRI RO

T S L
VAT 00 S e i oy rava a2 o

TRy LA Ty A A D
N e '*’:’*"f“"“""#’*""“‘ﬁé‘»ia agv%m

EvAv,

K

L
e
AT

Vit

o,
o
=

avgy
i
‘éﬁv
',1'&'
Ny
ol
=

R A T P PR S
R s AV, o b ATy AN
YAV A AN A Y A VAT STO A
salhumuwmnmvmnmmunLuvm

Figure 6.5.90 New front fit based on a moving polynomial fit.

6.5.5.2.7 No smoothing

The final fitting option removes all smoothing, but the ends can be extrapolated. The
extrapolation of the ends is based on a simple fit through a small set of points at each end.

6.5.6 Crack growth front template mesh

The final crack growth display wizard panel, Fig 6.5.91, allows one to set the crack front mesh
template parameters. The model is displayed in the upper 3D model view window and the user
can select a camera position that shows the template. The lower third of the window contains
one pane for the template parameters.

Most of the template parameters and buttons are identical to those for inserting a new crack, see

Section 6.1.21. The template radius can be set as an absolute value or as a percentage of the
crack extension; the choice should depend on the model and expected growth behavior.
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Sections 8 and 9 of the Users Guide provide some guidance for setting the template radius and
the crack growth increment.

Crack Growth

Display

™ Markers
¥ Vectors
¥ Polygons
IV Text

™ Mesh

(reset) (d)
(crack)

Save | Read |
Sl L]t
@ @
View Options |
Recenter |
Capture |

E‘.gll‘"ll@l

Flaw Template

¥ use crack-front template
Template radius setas: ¢ absolutevalue & % of crack increment

Template Radius: 85|l Front: I vl = Set All Fronis

[" Simple Intersections Only [~ Display Full Template

Meshing Parametersl Advanced Optionsl

Cancel | <] Back | Mext [»

Figure 6.5.91 Crack growth - front mesh template.

6.6 Read Crack Growth Wizard

The Read Crack Growth wizard consists of two panels. The first, Fig 6.6.1, allows the user to
specify the file name containing the new crack front points.
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Figure 6.6.1 Read new crack front - file import dialog.

The format for this file is simply: "X y z"; one set of coordinates per line.

The second panel, Fig 6.6.2, displays the new front points within the model and allows the user
to specify the fitting, extrapolation, and template parameters. The front fitting options and flaw
template panes are like those described in Sections 6.5.5 — 6.5.6.

The template is off in the left panel of Fig 6.6.2 so that the front points that were read from the
file are visible; the template is turned on in the right panel.
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Figure 6.6.2 Read crack growth - display panel.

6.7 Grow/Merge Cracks Wizard

The Grow/Merge Cracks function is not fully completed yet. The current implementation
allows semi-co-planar cracks, whose advancing crack fronts intersect, to be merged to create a
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single crack. The initial dialogs for computing SIFs and setting crack growth parameters are as
described in Sections 6.4 and 6.5. The difference is seen when the crack growth is displayed, Fig
6.7.1.

The Growth & Merge dialog allows the user to adjust the extension (or cycles) to ensure the
fronts intersect at a reasonable location to create a merged front. The fitting options are limited
to cubic spline and moving polynomials. The ends of the curve must still intersect the model
surface, so the user is able to adjust the amount of extrapolation.

Crack Growth & Merge
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Figure 6.7.1 Grow/Merge Cracks — two co-planar cracks whose advancing fronts intersect.

Select Next to define the template mesh for the merged front, Fig 6.7.2. The template mesh
radius might need to be adjusted to obtain a reasonable mesh at the point where the fronts merge.
Select Next to complete the process of merging and subsequent insertion and remeshing of the
model. The result should be a merged crack as shown in Fig 6.7.3.

Section 8.4 of the Users Guide describes a current limitation to merging.
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Figure 6.7.2 Grow/Merge Cracks — two co-planar crack fronts merged with template mesh.

z

-

Figure 6.7.3 Two co-planar cracks merged.
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6.8 Edit Crack Geometry

The Edit Crack Geometry dialog, Fig 6.8.1, provides some options to display and modify the
crack surface geometry. The crack geometry along with the uncracked FE model is displayed.
The right-side display options are the same as the main FRANC3D window. The left side pane
provides options for modifying the current crack geometry.

The Replace crack with edited version button will replace the crack geometry, currently

attached to the model, with the edited geometry. If there are problems when trying to grow the
crack, editing the geometry might resolve these and allow the crack to grow.
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Figure 6.8.1 Edit Crack Geometry dialog.
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6.8.1 Reset Original Crack Geometry

The Reset Original Crack Geometry button resets the geometry to the original crack geometry
that is first displayed in the dialog.

6.8.2 Read .crk file

The Read .crk file option allows one to read any .crk file that has been saved, where the .crk file
contains the Bezier triangular patches and a list of point IDs (from these patches) that define the
crack front.

6.8.3 Add face to crack

The Add face to crack option allows one to create a new triangular Bezier patch. Use the Pick

Points button to collect two corner points of the triangular patch; the points must already exist.
Once the points are collected, use the Add button to create the patch.

6.8.4 Delete face from crack

The Delete face from crack option allows one to remove a triangular Bezier patch. Use the Pick
Face button to collect the patch, and then use the Delete button to remove the patch.

6.8.5 Split face into four

The Split face into four option allows one to divide a triangular Bezier patch into four patches.
Use the Pick Face button to collect the patch, and then use the Do Split button to divide the
patch.

6.8.6 Merge duplicate points

The Merge duplicate points option allows one to merge two geometry points that have identical
coordinates. Use the Pick Point button to collect the points, and then use the Do Merge button
to remove the duplicate.

6.8.7 Split boundary edge

The Split boundary edge option allows one to divide a boundary edge in half. Use the Pick
Edge button to collect the edge, and then use the Do Split button to split the edge.

6.8.8 Add edge to front

The Add edge to front option allows one to add a boundary edge to the crack front. Use the Pick
Edge button to collect the edge, and then use the Do Add button to add the edge to the front.
The edge should be connected to an existing front edge.
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6.8.9 Map library flaw

The Map library flaw option allows one to map a library flaw shape onto the current geometry.
This allows you to create a non-planar library flaw shape if the existing crack surface is non-
planar.

6.8.10 Flatten to plane

The Preview flatten to plane option allows one flatten the current geometry to a planar crack. A
least-squares planar fit of the crack surface is generated and displayed when the box is checked.
The Do Flatten button is used to replace the crack geometry with the planar geometry. The
boundary of the planar geometry can be stretched to make sure that it intersects with the model
surfaces.

6.8.11 Coarsen crack geometry

The Preview coarse geometry option allows one to reduce the number of triangular Bezier
patches in the current crack. This option retains the non-planar surface. The boundary is not
coarsened.

6.8.12 Smooth crack geometry

The Preview smooth geometry option allows one to improve the Bezier triangle shapes. The
boundary is not modified.

6.8.13 Advance current front(s)

The Advance current crack front(s) option allows one to extend the crack geometry by reading a
file that contains the xyz coordinates of the extended front.

6.8.14 Save crack to file

The Save crack to file option allows one to save the crack geometry to either a .crk or a .stl file.
The .stl file will not include the crack front information.

6.8.15 Feature Display

The Feature Display pane has options to turn on/off display of various crack geometry features.
The overlaps, duplicate, and face kinks options can be used to hilght problems in the crack
geometry.
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6.9 SIFs Along a Path

The SIFs along a Path dialog, Fig 6.9.1, allows the user to display SIF history data. The crack
surface and crack fronts are displayed on the left-side, and the SIF history and path options are
displayed on the right-side of the dialog. The tabs along the top of the XY plot allow one to
display the three SIF modes (KI, K11 and KII1) as well as the J-integral and T-stress values. The
Define Path and Export tabs are described in the following sub-sections.

Above the tabs is a drop-down menu that allows the user to specify the load step for which SIF
history is plotted. If there is only one load step, the drop-down menu is inactive. This is like the
drop-down menus in the SIF plot dialog (see Section 6.4). The substeps dropdown is not
available here; only results for the last substep for each load step can be displayed.

The crack front is specified from the Path tab.
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Figure 6.9.1 SIFsalong a path dialog.

6.9.1 Define Path Tab

Traditional fatigue lifing methodologies require a SIF history that consists of a single valued
stress intensity factor (K) and a single valued crack size (a) for each crack increment.
Developing such a "K-history™ is straightforward for a 2-D analysis but is more complicated for
3D analyses. In 3D, one has a distribution of K values along a crack front, and there might not
be an obvious crack dimension that uniquely characterizes the crack “length”.

Three different Path Type algorithms are available in the Define Path tab, Fig 6.9.2. The results
for the three algorithms are illustrated below using three different crack growth simulations. It
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should be noted that while the crack growth might appear planar in these three examples, the

algorithms work for non-planar growth.
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™| Search from final front

Start. Step | O +| Front |‘| VI Final: Step |48 | Front |‘| vl

Path Constraints

Minimum Allowed Normalized Location (0-1) 0.05

Maximum Allowed Mormalized Location (0-1) - 0.as

Path Curve Fitting

[ Fit Path with Polynomial Order : I
Allowed Locations © Min (0-1) I 005 Max(0-1) I

Crack Starting Information
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Figure 6.9.2 Define path tab.

6.9.1.1 Constant Normalized Distance

The first algorithm uses a constant, user-specified, normalized distance along the crack fronts.
Fig 6.9.3 shows the computed paths for 50% normalized distance. The figure shows that this

approach works very well for the first crack and is reasonable for the third crack. For the middle

crack, however, the path is sinuous; this can be even more pronounced for crack fronts that

transition from corner- to through-cracks.
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Figure 6.9.3 Computed K paths for a constant normalized distance of 50%.

6.9.1.2 Nearest Point on Next Front

The second algorithm is a modification of the first approach. The analyst selects a point on the
initial crack front. The algorithm then searches for the nearest point on the next crack front and
makes this the next point in the history. The process is repeated for all remaining crack fronts.
The Ks in the history are the interpolated values at the "nearest points", and the crack length is
the distance from the crack "origin" to the initial crack front point plus the (straight line)
distances between successive "nearest points".

This algorithm is illustrated in Fig 6.9.4. For all three cracks, the path was started at locations of
10%, 20%, ... 90% along the initial crack front. The algorithm performs very well for the first
crack. For the middle crack, some of the paths converge into one path at 10% of the distance
along the crack front. This is because of the path constraints, which are described in Section
6.9.1.2. For the third crack, most of the paths merge due to these path constraints.

Figure 6.9.4 Computed K paths using nearest next point. Paths are at 10% increments with a
10% and 90% minimum and maximum threshold.
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6.9.1.3 Intersection of Fronts with a Plane

The third algorithm defines a plane nominally perpendicular to the crack surface and gives the
path as the points where the crack fronts intersect the plane. This algorithm is illustrated for the
first of the three cracks above in Fig 6.9.5. It is not clear how one would apply this algorithm to
the third crack in Fig 6.9.4.

Figure 6.9.5 Computed plane intersection points for a crack.

6.9.1.3.1 Start: Step and Final: Step
For crack fronts that might split, merge, or disappear, there is the option to specify both the

starting and ending crack step number and the crack front number, if there is more than one
front, Fig 6.9.6.

6.9.1.3.2 Search from final front

The Search from final front option is active for the Nearest Point on Next Front. The algorithm
starts at the last front and searches ‘backwards’ for the nearest point on the previous front.
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Figure 6.9.6 SIF path starting at step 9 for front 2.

6.9.1.4 Path Constraints

There is a user-settable threshold that prevents the computed paths from getting too close to the
free surfaces where the accuracy of the computed stress intensity factors is questionable. The
user can set both the minimum and maximum thresholds in the dialog.

6.9.1.5 Path Curve Fitting

Path curve fitting provides a best fit, in a least-squares sense, through the path computed by one
of the three algorithms. Fig 6.9.7 shows the least-squares fit to the paths shown in Fig 6.9.3. A
quadratic curve was used for the first crack, and as expected, there is modest improvement in the
path for this case. A cubic curve was used for middle crack, which yields a path that is
aesthetically more pleasing. A fifth order curve was used for the third crack and gives some

improvement over the initial computed path by smoothing the kinks.

Figure 6.9.7 Computed least-squares fits to the paths of Fig 6.9.3.
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6.9.1.6 Crack Starting Information

The crack starting information has two options: crack start point and initial crack length. Setting
either of these provides a starting point for computing the total crack path length.

6.9.2 Export Tab

The Export tab, Fig 6.9.8, allows one to save the SIF data to a file. The normalized coordinates
seen in the XY plot can be exported to regenerate the XY plots. The Cartesian coordinates of the
mid-side nodes along the crack front along with the crack front local basis can also be exported.
One could use this information to compute crack growth or to plot crack front geometry outside
of FRANC3D.

Analysis Load Step l__|
K | Ky | Ky | J-int | T-str | Table | Path Export
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v K

v Kl
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™ normalized coordinates
¥ Cartesian coordinates

[ front coordinate axes

Create File

Figure 6.9.8 SIF history dialog — Export tab.
6.9.3 File/Data/Axes Menu

Fig 6.9.1 shows a menu bar with three menu items: File, Data and Axes. These menus are the
same as the menus for the SIF Plot dialog (see Section 6.4.2.1).
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6.10 SIFs For All Fronts

The SIFs for all Fronts dialog, Fig 6.10.1, allows the user to display SIF data for all fronts in a
single plot. The crack front lines are displayed in the left-side model window, and the SIFs for
all crack fronts are displayed on the right-side of the dialog. The tabs along the top of the XY

plot are the same as the tabs for SIFs Along a Path (see Section 6.9).

There are two drop-down menus that allow the user to specify the load step and crack front for
which SIF data is plotted. The substeps dropdown is not available here; only results for the last
substep for each load step can be displayed. The Crack Front drop-down is active if there are
multiple cracks in the model.
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Figure 6.10.1 SIFs for all fronts dialog.

6.10.1 Export Tab

The Export tab displays the dialog in Fig 6.10.2; this is only slightly different from that in Fig
6.9.3. There is an option to reverse the order of the points, so that data is exported going from
point B to A.

6.10.2 File/Data/Axes Menu

Fig 6.10.1 shows a menu bar with three menu items: File, Data and Axes. These menus are the
same or like the menus for the SIF Plot dialog (see Section 6.4.2.1).
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Figure 6.10.2 Export tab for SIFs for All Fronts dialog.

7. Wizards and Dialog Boxes for Loads Menu

The wizards and dialog boxes for the Loads menu options are described in this section.

7.1 Crack Face Pressure/Traction

The Loads Crack Face Pressure/Traction (CFT) option allows one to define crack face
pressures or tractions. This capability is often used to simulate residual stresses. It can also be
used in a sub- modeling approach where the sub-model containing the crack is analyzed using
crack face tractions based on the stresses from an uncracked “global” model.

The first panel of the wizard is shown in Fig 7.1.1. Use the Add button to create a new entry in
the list. Once an entry has been added, it can be edited or deleted by selecting the name and then
the Edit or Delete button.

The Crack Face Traction/Residual Stress Type panel is displayed when the Add button is
clicked, Fig 7.1.2; it allows one to choose the type of crack face loading. The choices are: 1)
Constant crack face pressure, 2) 1-D Radial residual stress distribution, 3) 2-D Radial residual
stress distribution, 4) Surface treatment residual stress distribution, and 5) Residual stress defined
on a mesh. These will be described in more detail below.
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Crack-Face Tractions

=none defined=

Add | Edit | Delete |

Cancel | Accept |

Figure 7.1.1 Crack Face Tractions — top level dialog.

The Advanced button at the bottom allows one to specify whether the CFT is applied in a new
load step, after all the original FE load steps are applied, or added to one of the existing FE load
steps. The dialog is slightly different for ABAQUS compared with ANSYS and NASTRAN; the
dialog display is based on the input FE model that is being cracked/analyzed.

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

Cancel | Bac | Mext

Figure 7.1.2 Crack Face Tractions — type dialog.

7.1.1 Advanced button

The Advanced options dialog is shown in Fig 7.1.3. The left image is for ABAQUS models, and
the right image is for ANSYS and NASTRAN models. The default is to create a new load step
for the CFT. However, one can change this so that the CFT is added to an existing load step. If
the Add to existing load step is chosen, the user can then select the load step that will be used.
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For ABAQUS, CFT can be applied using an amplitude function so that the CFT is applied the
same as the existing loads. However, there are limitations; see Section 12 of the User’s Guide.

Advanced options

Load Step
& Create new load step

" Addto existing load step

Load step I vI Advanced options

Yariation Load Step
& Constant traction ¥ Create new load step
) Yan with amplitude function " Addto existing load step

SUTCion I"’I [ oad step I_:l
Cancel | Accept | Cancel | Accept |

Figure 7.1.3 Advanced options dialog to set the analysis load step (left side is for ABAQUS).

7.1.2 Constant Crack Face Pressure Panel

The constant crack face pressure panel allows one to specify a uniform pressure on the crack
face, Fig 7.1.4. A positive pressure value will tend to open the crack. If there are no nodal
temperatures, the Next button will return the display to the top-level panel (see Fig 7.1.1). If
there are nodal temperatures, the Next button will display the Set Temperature dialog, Fig 7.1.5.

The temperature for the crack face traction load step can be set to a Constant value, such as the
reference temperature, or it can be set based on the last load step, or it can be set from an external
source. The External data option allows one to specify an ABAQUS .inp, ANSYS .cdb or
NASTRAN .bdf (or .nas or .dat) file depending on the original model type.

The Set Temperature panel is the same for all crack face traction types. The CFT and effects of
temperature are described in more detail in Section 12 of the User’s Guide.
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Figure 7.1.4 Constant Crack Face Pressure panel.
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Figure 7.1.5 Set Temperature dialog.

7.1.3 1-D Radial Residual Stress Distribution Panel

The 1-D radial residual stress distribution panel allows one to specify a radial distribution of
stress that can be applied to the crack face, Fig 7.1.6. The stress varies along a radius from some
origin. The user can specify the distribution axis as well as the axis offset.

The distance vs stress data can be entered into the dialog or read from a file, using the Read
From File button. The file is a simple ASCII text file with lines of data that matches the dialog.

Use the Save To File button to save the data from the dialog to a .txt file. The Read Only option
disables the interactive editing of the data in the table.
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Figure 7.1.6 1-D radial residual stress distribution dialog.

For example, consider a corner crack in a brick, Fig 7.1.7 — left panel. The crack has a radius of
2.0 and the corner is located at x=0, y=5, and z=5. A 1-D radial distribution is defined, Fig 7.1.9
— right panel, with the distribution axis set to y and the axis offset defined as x=0 and z=5. The
crack face traction distribution is shown in Fig 7.1.8 — left panel. To visualize the pressure that
is applied to the crack, the ANSY'S color contours for the stress in the y-direction on one side of
the crack are shown in Fig 7.1.8 — right panel. This image shows the radial pattern of the
pressures with the origin at the crack corner.
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Figure 7.1.7 A corner crack in a brick (left panel) with a 1-D radial residual stress (right panel).
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User Defined Radial Residual Stress.
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Figure 7.1.8 A 1-D radial residual stress distribution (left panel) applied to the corner crack and
corresponding y-stress color contours in ANSY'S (right panel).

7.1.4 2-D Radial Residual Stress Distribution Panel
The 2-D radial residual stress distribution panel allows one to specify a stress distribution that

varies in two directions: axial and radial, Fig 7.1.9. The stress varies with radius from some
origin. Use the Read Data From File button to import the data into the dialog.
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Figure 7.1.9 2-D radial residual stress distribution panel.
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The data in the file should be arranged in the same way as it appears in the dialog, Fig 7.1.10.
There is a blank space at the top left.

|l e R R
L
= Don
.
[N |
[l e 3

10

Figure 7.1.10 2-D radial residual stress data from file.

The Save Data To File button will save the data from the dialog to a .txt file. The dialog is set
as read-only, and there is no option to switch this off; you should edit the file instead.

7.1.5 Surface Treatment Residual Stress Distribution Panel

The surface treatment residual stress distribution panel, Fig 7.1.11, allows one to specify a stress
distribution that varies in a direction that is normal to a surface that has been retained as a
“residual stress surface” when reading the FE file. The stress varies with distance from the
surface.
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Figure 7.1.11 User defined surface treatment residual stress panel.
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Data can be imported using the Read From File button; the file is ASCII text and arranged in
the same way as shown in the table with each line containing a distance and a stress value. The
Save To File allows the data to be saved to a .txt file. The table can be set to read-only using the

Read Only option.

After entering the stress versus distance, the user presses Next to select the treated surface, Fig
7.1.12. This dialog is the same as that for selecting surfaces to be retained when importing a FE
model (see Section 4.5).
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Figure 7.1.12 User defined surface treatment — select surface dialog.

As an example, a brick model is defined with the top surface (positive y-axis) defined as a
“treated_surface”, Fig 7.1.13 — left panel. The stress distribution shown in Fig 7.1.11 is applied
as the surface treatment crack face traction. The distribution acts normal to the
“treated_surface”, and distance will be measured in the -y direction. The resulting crack face
traction distribution on the crack shown in Fig 7.1.13 (left panel) can be visualized using
ANSYS, Fig 7.1.13 —right panel.
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Figure 7.1.13 Example of a surface treatment residual stress crack face traction.

There are a few things that will be noted here. Consider the crack shown in the left panel of Fig
7.1.14 and the residual stress distributions shown in the right panel of Fig 7.1.12. First, if the
nodes on the crack surface are at a depth that is greater than the residual stress, no crack face
tractions are computed. Using the ‘a’ distribution, the lower third of the crack will not have
crack face tractions. Second, if the mesh on the crack surface is coarse compared to the residual
stress distribution, the computed crack face traction will not adequately capture the residual
stress distribution. Based on the coarse mesh shown in the left panel of Fig 7.1.15, the computed
traction value at the node indicated by the red circle, using the ‘a’ distribution from Fig 7.1.14,
would be close to zero. If a pseudo-refined mesh is defined, as in the middle and right panels of
Fig 7.1.15, then the ‘a’ distribution can be captured and appropriately distributed onto the nodes
of the actual coarse mesh. Ideally, one would use a suitably refined mesh in the model to avoid
this problem.

residual stress
distributions

shot peened surface

stress

node on crack
surface at depth ‘d’

d depth

Figure 7.1.14 Surface treatment residual stress applied as crack face traction up to the defined
depth of the distribution.

Figure 7.1.15 Surface treatment residual stress applied as crack face traction with automatic
pseudo-mesh refinement to capture the distribution.
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7.1.6 Mesh-Based Stress Distribution Panel

The mesh-based stress distribution panel allows one to specify a stress distribution based on a FE
mesh and stress file, Fig 7.1.16. The user chooses the mesh and associated stress file; normally,
this is an uncracked model. FRANC3D queries this data to compute tractions on the crack face.

The mesh and associated stress results do not have to correspond exactly with the model used for
crack insertion, however, the mesh and stress must occupy the same physical space as the crack.
At each node on the crack surface mesh, FRANC3D queries the stress-mesh to find the element
and associated nodes that contains the point, and then retrieves the stress for these nodes. The
element shape functions are used to interpolate the stress to the crack surface node location.

For mesh based CFT, one can apply the results for any of the three analysis codes to the current
model. For example, one can apply ANSYS stress to an ABAQUS crack growth simulation.

Edit Crack Face Tractions

Analysis code:
& ANSYS ¢ ABAQUS ¢ NASTRAN

Mesh Based Stress Distribution

Mesh filename: IAnsys_Cube_surf_gradiem.cdb Browse |

Stress filename: |Ansys_Cube_surf_gradiem.str Browse

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

External substep of -1 means the final substep

Cancel | Bac | Finish I

Figure 7.1.16 Mesh based stress distribution panel.

If the chosen FE model (and results) contain multiple load steps, the user should specify the ID
for the load step (and for the substep if there is more than one per load step). The -1 in the
substep field indicates that FRANC3D will use the last substep.

The stress can be scaled also. A user might instead choose to scale the SIFs that result from the

CFT load step, but if the CFT is added to an existing load step, then the scaling might need to be
applied here.
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8. Wizards and Dialog Boxes for Analysis Menu

The wizards and dialog boxes for the Analysis menu options are described in this section.

8.1 Static Crack Analysis

The Static Crack Analysis menu item allows one to set up and run a static (current crack
configuration with no crack growth) deformation analysis. One would use this, for example, if
one had inserted a crack into a body and wanted to compute stress-intensity factors for this crack
without performing any crack growth. The ANSYS, ABAQUS and NASTRAN wizard panels
are discussed below; the wizard panels are similar for all the analysis codes, but there are some
differences as will be noted below.

8.1.1 Fdb File Name Panel

The first panel, Fig 8.1.1, allows one to specify the name of the files. The base file name is used
for all files created for this static analysis, with different file extensions applied. The .fdb
extension will be added if the user does not type it into the File Name field. The .fdb file is the
FRANC3D restart file and stores information about the imported FE model, the flaw geometry,
and the crack growth data.

Note that the uncracked file name must not be re-used here; the uncracked model is needed for
each step of crack growth and should not be overwritten.

Static Analysis

Specify an Fdb File Name
The uncracked file name "Ansys_Cube_LOCAL™ CAN NOT be used! Do NOT use spaces

@ = |1 surf_treatment vl New Directory
Directories X | Files in C:\Temp\Cube_load_cases\Ansys_cases\surf_treatment
& 1_] Program Files :l [
# 1 Program Files (x86) [ base fdo
= Python27 [ surt_treatfdb
] RegBackup
F] SIMULIA
=3 Temp

(1 AnisotropicThickPlateShear
@ AnisotropicThickPlateTension
[ ] Brueggert
(] CenterThruCrackPlate
& (] ComerCrackHolePlate
1 cube
=20 Cube_load_cases
1 Abaqus
(Z1 Abaqus_cases
(1 Ansys
B3] Ansys_cases
7 cft_only
] mesh-based_traction
1 s154elems
# (] s154ptable

ks surf treatment |

File name: | File type: [FrancaD Database Files (“fdb,"FDB)  ¥|

Cancel | 4 Bac | Next [ I

Figure 8.1.1 Fdb file name dialog.
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8.1.2 Analysis Code Panel

The user might be asked to choose the analysis code, Fig 8.1.2. ANSYS, ABAQUS or
NASTRAN can be chosen, and subsequent panels will differ slightly. In most cases, this dialog
will be skipped, and the analysis code will be selected based on the original imported model

type.

Static Analysis

Analysis Code

Analysis code: (* ANSYS  ABAQUS (" NASTRAN

Cancel ‘ <] Back | Mext [ ¢

Figure 8.1.2 Analysis code panel.

8.1.3 ANSYS Options Panel
The dialog in Fig 8.1.3 allows one to set options and analysis parameters for ANSYS.

The top section contains the ANSY'S executable file name and license string. These values
should be set in the Preferences (see Section 5.2) but can be modified or set here. A Python
script can be executed on the .cdb file prior to running ANSY'S; the Python executable can be set
here also.

The second section allows one to edit default settings; see Section 8.1.3.1.

The third section allows the user to select the global model to connect to the local cracked model.
If there is no global model, this option should be unchecked. The global model file name should
be filled automatically based on the original FE model import.

The fourth section allows the user to specify whether crack face traction (CFT) and crack face
contact (CFC) conditions are applied. If CFTs are defined (see Section 7), the Apply crack face
tractions should be checked automatically.

Crack face contact conditions can be applied if the crack will be subjected to compressive loads.
If the Define crack face contact option is checked, the Contact button is activated; see Section
8.1.3.2.
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Static Analysis

Ansys Options

Ansys run time:

Ansys Executable: ES\ANSYS Incw192\ansys\binwinx64\ANGYS192.exe  Browse |

Ansys 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 filename IFOI—457GL0EIAL.CGD Browse

Boundary conditions:

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

Ansys command:

cancal | N

Figure 8.1.3 ANSYS options and analysis parameters.

The last section contains the View/Edit Command button, which will be described in Section
8.1.5. This option is inactive if the Connect to global model is selected, as it will be active in the
subsequent panel.

8.1.3.1 ANSYS Edit Defaults

The ANSYS Local Model Output dialog, Fig 8.1.4, allows the user to adjust some of the default
settings.

The Output Results and Extract results options limit the amount of data that is extracted and
saved to the .dtp file. Results for the crack front mesh template nodes are required for computing
SIFs. To display the deformed shape in FRANC3D (see Section 11.1), the results for the local
model should be extracted, and this is the default.

Crack front elements typically will be singular quarter-point wedge elements, but these can be
converted to regular wedge elements with mid-side nodes if needed. Blunted brick elements can
be written instead but the support for these elements is limited.

Commands to tell ANSYS to compute the contour integral can be included in the .cdb file that
FRANC3D writes. Either the J-integral or the material-force option can be selected.
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FRANC3D can import the contour integral results from the ABAQUS .dat file; see the
Advanced menu.

AMSYS Options

ANSYS Local Model Qutput

Output results: & last substep © every substep

Extract results: " full model * cracked model (& template nodes
Crack front elements: & wedge ¢ collapsed brick ¢ blunted brick

Crack front elements use: & guarter point  midside

¥ ANSYS *contour integral

Cancel | Accept |

Figure 8.1.4 ANSYS edit defaults dialog.

8.1.3.2 ANSYS Crack Face Contact

The ANSY'S Crack Face Contact dialog, Fig 8.1.5, allows the user to set crack face contact
options. The material and real constant ids should not conflict with any of the data that exists in
the original model. The parameters in the dialog are described in the ANSYS documentation.
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AMNSYS Crack Face Contact Parameters

AMSYS Contact Parameters

Material id: I 2441 Friction coef: I 0

Real Constantid: 811

Normal penalty stifness: I 1 (negative for absolute value)

Penetration tolerance: 0.01 (negative for absolute value)

ET 170 id: I a11 ET 174 id: | 212

Contact Algorithm: & augmented lagrange ¢ penalty ¢ mpc " lagrange + penalty © lagrange
Gap/Penetration Adjustment ¢ none ¢ close gap © reduce pene ¢ closefreduce  default/icont
Asymmetric Contact & off O on

Initial Penetration/Gap: & include ¢ exclude

Contact Stifness Update: & each iteration (& each load step ¢ each iteration of substep

Contact behavior; ™ standard ¢ rough ¢ no_separation ¢ bonded ¢ bonded_always

Number of substeps: 4 max 10 min; 1

™ Include Crack Front Nodes:

Cancel | Accept |

Figure 8.1.5 ANSYS crack face contact dialog.

8.1.4 ANSYS local/global model connection Panel

If the Connect to global model option (see Fig 8.1.3) is selected, the global model file must be
set, Fig 8.1.6. The Browse button can be used to find the file. Note that the check box and the
global model filename are filled automatically, based on the initial FE model import.

Global model:

¥ Connectto global model

Global model filename: h1plansys_cubelsmall_cube_outer.cdb

Figure 8.1.6 ANSY'S connect to global model box.

If the Connect to global model option is selected, the Finish button in Fig 8.1.3, switches to a
Next button. The next panel, Fig 8.1.7, defines how the local and global models will be
combined. Note that the user cannot proceed to the next panel if the Connect to global box is
checked and the Global model filename has not been entered.
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Static Analysis

Ansys local/global model connection:

 Merge nodes ¢ Constraintequations ¢ Contactconditions  Copstraint | Contact

Merge tolerance: Iu_ugm Local connection midsides: @ retain ¢ remove

r Local component(s) to merge/constrain:
AUTO_CUT_SURF

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

r Additional local/global connections:

=none defined=

Add COI"H"IeCIiOI"Il Delete Connecton |

Ansys command:

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

Cancel | ¢ Back | Finish

Figure 8.1.7 ANSYS local/global model connection panel.

The simplest method to connect a local crack model to a global model is through node-merging.
If the user retained surface mesh facets on the cut-surfaces for the local model, then these
surfaces can easily be glued together by merging nodes. Alternatively, constraint equations or
contact conditions can be defined between the cut-surfaces of the local and global models.

FRANC3D will generate the necessary commands to join the local and global model portions
together.

Selecting the Constraint equations option activates the Constraint button; see Section 8.1.4.1.

Selecting the Contact conditions option activates the Contact button; see Section 8.1.4.2.

Extra local/global contact/constraint can be defined (see lower section of Fig 8.1.7) for surfaces
other than the crack faces and the cut-surfaces; see Section 8.1.4.3.

8.1.4.1 ANSYS Constraint

The ANSY'S Constraint dialog, Fig 8.1.8, allows the user to set the constraint connection options
between the local and global model portions. Typically, all three (displacement) components
will be selected, but the user has the option to not select a component.
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AMSYS Censtraint Options

ANSYS Constraint Options

Cuxr—uy O uz

Cancel | Accept |

Figure 8.1.8 ANSY'S constraint connection dialog.

8.1.4.2 ANSYS Contact

The ANSY'S Contact dialog, Fig 8.1.9, allows the user to set contact connection options between
the local and global model portions. This dialog is slightly different from the crack face contact
dialog; there is no option to include the crack front nodes.

AMSYS Contact Parameters

AMSYS Contact Parameters

Material id: I—m Friction coef: I—u

Real Constant id: I—m

Normal penalty stifness: |—1 {negative for absolute value)
Penetration tolerance: I—Um (negative for absolute value)
ET70id [ 711 ET174id 712

Contact Algorithm: & augmented lagrange ¢ penalty ¢ mpc ¢ lagrange + penalty ¢ lagrange
Gap/Penetration Adjustment. ¢ none ¢ close gap ¢ reduce pene & closefreduce & defaultficont
Asymmetric Contact. & off  on

Initial Penetration/Gap: ™ include ¢ exclude

Contact Stifness Update: & each iteration (& each load step (" each iteration of substep

Contact behavior: & standard © rough ¢ no_separation ¢ bonded  bonded always

MNumber of substeps: 4 max 10 min: 1

¥ Create Symmetric Pair, make target surface;  local ¢ global

Cancel | Accept |

Figure 8.1.9 ANSY'S contact connection dialog.

203



8.1.4.3 ANSYS Extra Connection

Additional local/global connections can be defined (see Fig 8.1.7). Click the Add Connection
button to display the dialog in Fig 8.1.10. The connection can be made using contact or
constraint. The contact and constraint dialogs shown in Sections 8.1.4.1-2 are reused here,

depending on the chosen connection type. The two mate surfaces from the global and local
model must be selected by the user.

To delete an extra connection, highlight the connection name and click the Delete Connection
button.

AMSYS Extra Local/Global Connection

AMNSYS Extra Local/Global Connection

& Mone: ¢ Single contact " Paired contact: ¢ Paired constraint:

Contact | Constraint

r Select master surfaces:

[ oisP_1 [ oigP_2
[[] GLOBAL_CONNECT_SURF

r Select slave surfaces:

[T] ALL_TEMPLATE_NODES [] AUTO_CUT_SURF

|t
o

Cancel | 4 | Finish

Figure 8.1.10 ANSY'S contact connection dialog.

8.1.4.4 ANSYS Command Line Panel

If the user selects the View/Edit Command button in Fig 8.1.7, the ANSYS command is
displayed in a separate dialog, Fig 8.1.11. The command line can be edited if desired.
Typically, users will set the ANSYS executable and parameters in the Preferences rather than
editing this command. Editing this command line is not “permanent”, but the edits should be
carried forward for subsequent static analyses of the current model.

FE Analysis Command

Ansys Command Line

Ild_cube macro" -o "C:Temphansys_cubesfull_scubescracked_cube.out"

Edit |
Cancel | Accept |

Figure 8.1.11 ANSYS Command Line panel.
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8.1.4.5 ANSYS Write Files but DO NOT run analysis

In some cases, the user might want to write the analysis files from FRANC3D without running
ANSYS. The Write files... option (see Fig 8.1.7) will cause FRANC3D to write all the analysis
files.

A .txt file is written along with the .cdb and .fdb files; the ANSYS command is written to this .txt
file for reference. Note that if one sends this file to a different computer for analysis, the .dtp file
that is extracted must be retrieved so that FRANC3D can compute SIFs (see Section 4.7).

8.1.5 ABAQUS Options Panel

If ABAQUS is the solver, the user can set options and analysis parameters for ABAQUS, Fig
8.1.12. The first pane contains the ABAQUS executable file name. This should be set in the
Preferences (see Section 5.2) but can be modified or set here. A Python script can be executed
on the .inp file prior to running ABAQUS. The Python executable can be set here also.

The second pane allows one to edit default settings; see Section 8.1.5.1.
The third pane allows the user to select the global model to connect to the local cracked model.
If there is no global model, this option should be unchecked. The global model file name should

be filled automatically based on the original FE model import.

The fourth section allows the user to specify whether CFT and CFC are applied. If CFTs are
defined (see Section 7), the Apply crack face tractions should be checked automatically.

Crack face contact conditions can be applied also if the crack will be subjected to compressive
loads. If the Define crack face contact option is checked, the Contact button is activated; see
Section 8.1.5.2.
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Static Analysis

Abaqus Options

Abaqus run time:

Abaqus Executable: Iabaqus.bat Browse |

Python Executable: Ipy’thon Browse |
Python script (will run before Abaqus): I Browse |
Local model output:

Edit Defaults
Global model:

¥ Connectto global model  filename I.Abaqus-Cube_GLOElALinp Browse

Boundary conditions:

™ Apply crack face tractions [~ Define crack face contact (. opiact

Abaqus command:

Cancel | <] Back |

Figure 8.1.12 ABAQUS options panel.

The final pane contains the button View/Edit Command, which will be described in Section
8.1.6. This option is inactive if the Connect to global model is selected, as it will be active in the
subsequent panel.

8.1.5.1 ABAQUS Edit Defaults

The ABAQUS Local Model Output dialog, Fig 8.1.13, allows the user to adjust some of the
default settings.

The results for the last frame of each load step are extracted by default, but the user can choose
to extract results for every frame (substep). The Extract results option limits the amount of data
that is extracted and saved to the .dtp file. Results for the crack front mesh template nodes are
required for computing SIFs. To display the deformed shape in FRANC3D (see Section 11.1),
the results for the local model should be extracted, and this is the default.

Crack front elements typically will be singular quarter-point wedge elements, but these can be
converted to regular wedge elements with mid-side nodes if needed. In some cases, when using
crack face contact, quarter-point nodes will cause ABAQUS errors; near-quarter point nodes can
be used instead in this case — the error that is introduced by this change on node position should
be small. Blunted brick elements can be written instead but the support for these elements is
limited.
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Commands to compute contour (J, C, K or T) integrals can be included in the ABAQUS file.
Note that ABAQUS uses collapsed bricks rather than singular wedge elements for the contour
integral.

FRANCS3D is capable of computing J-integral for elasto-plastic ABAQUS models.

FRANCS3D can import the contour integral results from the ABAQUS .dat file; see the
Advanced menu.

ABAQUS Local Medel Qutput

ABAQUS Local Model Output

Output results: @ lastframe O every frame

Extract results: (" full model & cracked model " template nodes
Crack front elements: & wedge * collapsed brick ¢ blunted brick
Crack front elements use: (¢ quarter point  midside (" near quarter
™ Write template section

# template rings: I 3

template material name: Itemplale_materiﬂl

Contour integrals (requires collapsed bricks):
¥ ABAQUS *contour integral
type: CJCI KT
I~ FRANC3D nondinear J-integral

Cancel | Accept |
Figure 8.1.13 ABAQUS edit defaults dialog.

8.1.5.2 ABAQUS Crack Face Contact

The ABAQUS Crack Face Contact dialog, Fig 8.1.14, allows the user to set crack face contact
options. A new Surface interaction name must be defined, and it should not conflict with any of
the data that exists in the original model; the Accept button will be activated once a surface
interaction name is added. Parameters in this dialog are described in the ABAQUS
documentation.
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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: ¢ Exiziing & New

Surface interaction name: |
Surface behavior. ¢ penalty=linear  pressure-overclosure=hard

Friction coefficient: I 0

[ Small sliding:

[~ Tied contact;

Adjust: I 0.1
[~ Turn on Nigeom:
Cancel |

Figure 8.1.14 ABAQUS crack face contact dialog.

8.1.6 ABAQUS local/global model connection Panel

If the Connect to global model option (see Fig 8.1.12) is selected, the global model file must be
set, Fig 8.1.15. The Browse button can be used to find the file. Note that the check box and the
global model filename are filled automatically, based on the initial FE model import.

Global model:

¥ Connectto global model:

Global madel filename: IC:1.Temp‘.abaqus_plate‘.global.inp iBrowse

Figure 8.1.15 ABAQUS connect to global model box.

If the Connect to global model option is selected, the Finish button in Fig 8.1.12, switches to a
Next button. The next panel, Fig 8.1.16, defines how the local and global models will be
combined. Note that the user cannot proceed to the next panel if the Connect to global box is
checked and the Global model filename has not been entered.
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Static Analysis

Abaqus local/global model connection:

& Merge nodes ¢ Tie constraint ¢ Contact conditions  Copstraint| Conact

r Local node set'surface(s) to merge/constrain:
AUTO_CUT_SURF [] Part-Cube-1_Set-Cube

r Global node set'surface(s) to merge/constrain:
I~ Show all labels
GLOBAL COMNMECT_SURF

r Additional local/global connection

=none defined=

Add Connectionl Delete C-:rn'.%::t\-:nl

Abagqus command:

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

Cancel | ¢ Back | Finish

Figure 8.1.16 ABAQUS local/global model connection panel.

The simplest method to connect a local crack model to a global model is through node-merging.
If the user retained surface mesh facets on the cut-surfaces for the local model, then these
surfaces can easily be glued together by merging nodes. Alternatively, constraint equations or
contact conditions can be defined between the cut-surfaces of the local and global models.

Selecting the Constraint equations option activates the Constraint button; see Section 8.1.6.1.

Selecting the Contact conditions option activates the Contact button; see Section 8.1.6.2.

An extra check box allows the user to switch the master and slave pairing; the default is to use
the Global as master.

Extra local/global contact/constraint can be defined (see lower section of Fig 8.1.16) for surfaces
other than the crack faces and the cut-surfaces; see Section 8.1.6.3.

8.1.6.1 ABAQUS Constraint

The ABAQUS Constraint dialog, Fig 8.1.17, allows the user to set constraint connection options
for the local and global model portions.
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ABAQUS Constraint Options

ABAQILUS Constraint Options

[ Adjust

Position tolerance: ||:|_|:|c|1

| Cancel | Accept |

Figure 8.1.17 ABAQUS constraint connection dialog.

8.1.6.2 ABAQUS Contact

The ABAQUS Contact dialog, Fig 8.1.18, allows the user to set contact connection options for
the local and global model portions. This dialog is mostly the same as that for CFC, but in this
case the user is allowed to select from existing Surface interaction names.

ABACUS Contact Parameters

ABAQIUS Contact Parameters

Use: ¢ general contact (¢ surface to surface

EISF'LINE v[ ' New

Surface interaction name: ISPUNE

Surface behavior ¢ penaliy=linear & pressure-overclosure=hard
Friction coefficient: I 0
™ small sliding:

™ Tied contact

Adjust: I 01
™ Turn on Migeom:
Cancel | Accept |

Figure 8.1.18 ABAQUS contact connection dialog.

8.1.6.3 ABAQUS Extra Connection

Additional local/global connections can be defined (see Fig 8.1.16). Click the Add Connection
button to display the dialog in Fig 8.1.19. The connection can be made using contact or
constraint. The contact and constraint dialogs shown in Sections 8.1.6.1-2 are reused here,
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depending on the chosen connection type. The two mate surfaces from the global and local
model must be selected by the user.

To delete an extra connection, highlight the connection name and click the Delete Connection
button.

ABAQUS Extra Local/Global Connection

ABAQUS Extra LocaliGlobal Connection

& Mone: ¢ Selfcontact ¢ Contact pair: ¢ Tie constraint: C-::r,ts::‘tl Constraint | M Global = Master

r Select global surfaces:

[ GLOBAL_CONMECT_SURF [] NS_BOUNDARY_3 [ NS_BOUNDARY_4 f’
[ NS_BOUNDARY_5 [[] SURF_DLOAD_10 [T SURF_DLOAD_11
[ SURF DLOAD 12 [ SURF DLOAD 13 [ SURF DLOAD 14 =l

r Select local surfaces:

[ AUTO_CUT_SURF [ all_template_nodes

Cancel | <l Back | Einish

Figure 8.1.19 ABAQUS contact connection dialog.

8.1.6.4 ABAQUS Command Line Panel

If the user selects the View/Edit Command button in Fig 8.1.16, the ABAQUS command is
displayed in a separate panel, Fig 8.1.20. The command line can be edited if desired. Typically,
users will set the ABAQUS executable and parameters in the Preferences rather than editing this
command. Editing this command line is not “permanent”, but the edits should be carried forward
for subsequent static analyses of the current model.

FE Analysis Command

Abagus Command Line

I“ahaqus.bat" job=ct_full -interactive -analvysis

Edit |
Cancel | Accept |

Figure 8.1.20 ABAQUS Command Line panel.

8.1.6.5 ABAQUS Write Files but DO NOT run analysis
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In some cases, the user might want to write the analysis files from FRANC3D without running
ABAQUS. The Write files... option (see Fig 8.1.16) will cause FRANC3D to write all the
analysis files.

A .txt file is written along with the .inp and .fdb files; the ABAQUS command is written to this
.txt file for reference. Note that if one sends this file to a different computer for analysis, the .dtp
file that is extracted must be retrieved so that FRANC3D can compute SIFs (see Section 4.7).
The .dtp file is extracted from the ABAQUS .odb file by running the command:

abaqus python writeDtpFile.py

The writeDtpFile.py is written by FRANC3D along with the other restart/analysis files.

8.1.7 NASTRAN Options Panel

If NASTRAN is the solver, the user can set options and analysis parameters for NASTRAN, Fig
8.1.21. The first pane contains the NASTRAN executable file name. This should be set in the
Preferences (see Section 5.2) but can be modified or set here. A Python script can be executed on
the .bdf file prior to running NASTRAN. The Python executable can be set here also.

The second pane allows one to edit default settings; see Section 8.1.7.1.
The third pane allows the user to select the global model to connect to the local cracked model.
If there is no global model, this option should be unchecked. The global model file name should

be filled automatically based on the original FE model import.

The fourth section allows the user to specify whether CFT and CFC are applied. If CFTs are
defined (see Section 7.2), the Apply crack face tractions should be checked automatically.

Crack face contact conditions can be applied also if the crack will be subjected to compressive
loads. If the Define crack face contact option is checked, the Contact button is activated; see
Section 8.1.7.2.

The final pane contains the button View/Edit Command, which will be described in Section
8.1.8. This option is inactive if the Connect to global model is selected, as it will be active in the
subsequent panel.
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Static analysis

NASTRAN Options

~ NASTRAN run time:

NASTRAN Executable: ISiemell515imcenterNastran_iEﬂﬁlbinlnastmn.exe Browse |
Python Executable: |p',rthon Browse |
Python script {(will run before NASTRAN): I Browse |
r Local model output:
Edit Defaults
© Global model:
I Connect to global model  filename: INaslranj.ubeﬁGLDBALnas Browse
[ Boundary conditions:
™ Apply crack face tractions: [~ Define crack face contact: opiact
r NASTRAN
View/Edit Command I |Write files but DO NOT run analysis

Cancel |

Figure 8.1.21 NASTRAN options panel.

8.1.7.1 NASTRAN Edit Defaults

The NASTRAN Local Model Output dialog, Fig 8.1.22, allows the user to adjust some of the

default settings.

Crack front elements typically will be singular quarter-point wedge elements, but these can be

converted to regular wedge elements with mid-side nodes if needed. NX NASTRAN might
generate an error when using quarter point elements, so elements with mid-side nodes can be
used instead. There might be a loss of accuracy in the computed SIFs.

NASTRAN checks the element shape by default, but this can be turned off using the

GeomCheck option.
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MASTRAN Local Model Qutput

Mastran Local Model Qutput
Crack front elements use: @ quarter point & midside
¥ Apply RBE3 to midsides:

[ Turn off GeomCheck:

Cancel | Accept |

Figure 8.1.22 NASTRAN edit defaults dialog.

8.1.7.2 NASTRAN Crack Face Contact

The NASTRAN Crack Face Contact dialog, Fig 8.1.23, allows the user to set crack face contact
options. The parameters in the dialog are described in the NASTRAN documentation and will
be different depending on the flavor of NASTRAN that is used. Note that NASTRAN does not
output contact pressure to the .pch file so one must compute SIFs using displacement correlation
if CFC is included.

MASTRAM Crack Face Contact

MASTRANM Crack Face Contact Parameters

Contact set ID: I 1

Main crack surface 10:

li 1
Mate crack surface 1D: I 2

Friction coefficient: I—D
Winsearcnaist [ 0
Max search dist: I—m
Offset distance: I—U

Cancel | Accept |

Figure 8.1.23 NASTRAN contact dialog.

8.1.8 NASTRAN local/global model connection Panel

If the Connect to global model option (see Fig 8.1.21) is selected, the global model file must be
set, Fig 8.1.24. The Browse button can be used to find the file. Note that the check box and the
global model filename are filled automatically, based on the initial FE model import.
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Global model:

¥ Connectto global model: (original uncracked file)

Global model filename: |Is‘mastran_penny_crau:k‘nuncracked.dat Elrowsel

Figure 8.1.24 NASTRAN connect to global model box.

If the Connect to global model option is selected, the Finish button in Fig 8.1.21, switches to a
Next button. The next panel, Fig 8.1.25, defines how the local and global models will be
combined. Note that the user cannot proceed to the next panel if the Connect to global box is
checked and the Global model filename has not been entered.

Static analysis

MASTRAN local/global model connection:

& Merge local and global nodes ¢ Constrain sufaces  ©onstraint

r Local node sets to mergefconstrain:
AUTO_CUT_SURF [ disp_10 [ press_9

r Global node sets to merge/constrain:
GLOBAL_CONNECT_SURF [] contact_bsurfs_1 [] contact_bsurfs_2

r Additional localiglobal connections:

=none defined=

Add Connectionl Delete C -:-rn'.e::ti-:-nl

MNASTRAN command:

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

Cancel | ¢ Back | Finish

Figure 8.1.25 NASTRAN local/global model connection panel.

The simplest method to connect a local crack model to a global model is through node-merging.
If the user retained surface mesh facets on the cut-surfaces for the local model, then these
surfaces can easily be glued together by merging nodes. Alternatively, glued contact can be

defined between the cut-surfaces of the local and global models by selecting the Constraint
surfaces option.
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Selecting the Constraint surfaces option activates the Constraint button; see Section 8.1.8.1.

Extra local/global contact/constraint can be defined (see lower section of Fig 8.1.25) for surfaces
other than the crack faces and the cut-surfaces; see Section 8.1.8.2.

8.1.8.1 NASTRAN Constraint

The NASTRAN Constraint dialog, Fig 8.1.26, allows the user to set glued contact options for the
local and global model portions.

MASTRAN Constraint Options

MNASTRAM Constraint Options

Constraint set ID: I—;rm
Main surface 1D: I—}‘-]
Mate surface ID: I—?g

Search distance: |—1

Extension factor: 0.01

Cancel | Accept |

Figure 8.1.26 NASTRAN constraint connection dialog.

8.1.8.2 NASTRAN Extra Connection

Additional local/global connections can be defined (see Fig 8.1.25). Click the Add Connection
button to display the dialog in Fig 8.1.27. The connection can be made using glued contact. The
dialog shown in Section 8.1.8.1 is reused here. Two mate surfaces from the global and local
model must be selected by the user.

To delete an extra connection, highlight the connection name and click the Delete Connection
button.
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MNASTRAMN Extra Local/Global Connection

MASTRAM Extra LocaliGlobal Connection

& Mone: ¢ Constrain surfaces: Constraint

r Select global surfaces:

[] GLOBAL_CONMECT_SURF
[[] contact_bsurfs_1
1 contact bsurfs 2
r Select local surfaces:

[ auTo_cuT_SURF [ disp_10
[ press_a

| »

Lol

Cancel | 4 Bac | Finist |

Figure 8.1.27 NASTRAN contact connection dialog.

8.1.8.3 NASTRAN Command Line Panel

If the user selects the View/Edit Command button in Fig 8.1.25, the NASTRAN command is
displayed in a separate panel, Fig 8.1.28. The command line can be edited if desired. Typically,
users will set the NASTRAN executable and parameters in the Preferences rather than editing

this command. Editing this command line is not “permanent”, but the edits should be carried
forward for subsequent static analyses of the current model.

FE Analysis Command

Mastran Command Line

|I\? LO~Bdbitsbin~nastran.exe" "C:~lempnastran_cubes~junk full.bdf"

Edit |
| Cancel | Accept | |

Figure 8.1.28 NASTRAN Command Line panel.

8.1.8.4 NASTRAN Write Files but DO NOT run analysis

In some cases, the user might want to write the analysis files from FRANC3D without running

NASTRAN. The Write files... option (see Fig 8.1.25) will cause FRANC3D to write all the
analysis files.

A .txt file is written along with the .bdf (or .nas) and .fdb files; the NASTRAN command is
written to this .txt file for reference. Note that if one sends this file to a different computer for
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analysis, the .pch file that is written by NASTRAN must be retrieved so that FRANC3D can
compute SIFs (see Section 4.7).

8.2 Crack Growth Analysis

This wizard allows one to set up and run a series of crack growth analyses. The first set of
wizard panels are the same as for the Grow Crack wizard described in Section 6.5. The SIF
computation method along with the crack growth extension and kink angle models must be
defined.

The analysis code panels are the same as those described in Section 8.1.

The wizard panels that are displayed after defining the crack growth model, but before the
analysis code panels, are described next.

8.2.1 Crack Front Smoothing Panel

The crack front smoothing panel, Fig 8.2.1, provides crack front fitting and template options.
The options here are the same as the front fitting options described in Section 6.5.5, although

they are arranged differently. One might do one step of crack growth as described in Section 6.5
before attempting automatic growth to determine the appropriate (best) fitting and extension for

the model. The fitting options might need to change as the crack grows.
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Fitting & Template Parameters

Front Fitting Options

" KinkAngle/Extension Poly Fit
Fixed Crder Poly Through Points

%

Multiple Poly Through Points
Hermitian Closed Poly
Cubic Spline

Maving Polynomial

SIS S S e

Mo Smoothing

polynomial order: |_3
extrapolate (%) I—',z I—z
ignore n end points: I—u I—U
range: |_5

¥ Allow fit adjustment

Flaw Template

¥ use crack-front template

[~ Simple Intersections Only

Template radius setas: & absolute value ¢ % of crack increment

Template Radius: I 0.1 |F Eront: I vl [T Set All Fronts

Meshing Parametersl Advanced Dptionsl

Extension

{* distance extension scale node: I 05

Cancel

| Bac | Mext [»

Figure 8.2.1 Crack growth analysis wizard panel for fitting and template parameters.

8.2.2 Crack Growth Increments Panel

The next panel, Fig 8.2.2, allows the user to specify the number of crack growth steps and the

median crack growth increment per step. The dialog that is displayed will depend on whether
you chose to do quasi-static (left side of Fig 8.2.2) or subcritical (right side of Fig 8.2.2) growth.

There are three choices for entering the extension per step: a constant value for all steps, a linear
variation, and user-defined values. The user-defined values can be read from a .txt file; the data
consists of extension length (or number of cycles) for each step.
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Growth Plan
Growth Termination Criteria
¥ Gompletedioad schedule
¥ Gritical stress intensity factor,
¥ Threshold stress intensity factor
[ Crack front extension failure
¥ Maximum number of growth steps Steps: I 51
[~ Maximum number of load cycles  Cicles: I 0
Growth Plan [~ Maximum elapsed time Time: I 0
Specified Crack Growth Steps [~ Maximum crack depth Depth: I 0
MNumber of Crack Growth Steps = I q Specified Crack Growth Steps
& Constant Crack Growth Increments & Constant Crack Grawth Increments
Crack Growth Step Size = I 02 Crack Growth Step Size = I 02
¢ Linearly Increasing/Decreasing Crack Growth Increments " Linearly Increasing/Decreasing Crack Growth Increments
First Crack Growth Step Size = I 1 First Crack Growth Step Size = I 1
Change in Step Size at Each Step = I 1 Ghange in Step Size at Each Step = | 9
" User Defined Crack Growth Increments " User Defined Crack Growth Increments
Define Steps| Read From F"5| & Define Stel:sl Read From Filél &
Cancel | <l Back | Mext [ | Cancel | < Back | Mext [» |

Figure 8.2.2 Crack growth analysis wizard panel for median crack growth increments.

The subcritical growth dialog includes various Growth Termination Criteria. Some of the
criteria are turned on by default and cannot be turned off. Other criteria can be turned on as
desired. Note that maximum crack depth might be difficult to determine.

8.2.3 Analysis Code Panel

The next panel, Fig 8.2.3, allows one to specify the base file name. All crack growth steps will
use this as the base name, and a crack step number will be appended. Finally, the current crack
growth step number can be set; this number is used to create the file name (e.g.,
base_STEP_002). The solver is chosen automatically based on the original input FE model.

Depending on the solver, the subsequent wizard panels will be for ANSYS, ABAQUS or
NASTRAN. These panels were described in Section 8.1.
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Crack Growth Analysis

Analysis Code

Analysis code: ¢ ANSYS ¢ ABACUS & NASTRAN

Base filename (avoid spaces and special characters): Icracked_cube

Current crack growth step: Ii

Cancel | <] Bac! | Mext [» |

Figure 8.2.3 Crack growth analysis wizard panel for analysis code and base file name.

9. Fatigue Menu Wizards and Dialog Boxes

The wizards and dialog boxes for the Fatigue menu option are described in this section.

9.0 Fatigue Cycle Computation

Earlier versions of FRANC3D, relied on a “K vs a” type of SIF history to compute fatigue
cycles. A path through the crack fronts is defined, Fig 9.0.1, and the SIFs are computed at each
point where the path crosses a crack front; this gives a SIF versus path length plot, Fig 9.0.2.
There are drawbacks to this approach: 1) a single path can be difficult to define for many cracks,
and 2) different paths tend to give different numbers of cycles.

path\

R

Figure 9.0.1 A path through a series of crack fronts.

221



Stress Intensity Factor Range

AK along path

0.0 0.2 0.4 0.6 0.8 1.0
Crack Length

Figure 9.0.2 SIF (range) versus path length.

Figure 9.0.3 Ambiguous path selection.
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Figure 9.0.4 Different paths give different numbers of cycles.

Cycle counting uses a “multiple variable degree of freedom” approach. For each node j on crack
front i, Fig 9.0.5:
a) project from node j, perpendicular to the crack-front i, to find the intersection with the
next crack front i+1,
b) interpolate (if needed) to find AK at the intersection point with crack-front i+1
c) assume a linear variation in the AK’s going from step i to step i+1 and integrate to find
the cycles (Nij)
d) average the computed cycles for all crack front nodes to obtain one value for cycles
required to grow from crack front i to crack front i+1.

nodei+1,k+1

AKi+l,k+’1.—"/

step;

Figure 9.0.5 Cycles computed for each node along the crack front.
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This process is repeated for each step of crack growth, Fig 9.0.6, which produces cycles versus
crack-growth-step, Fig 9.0.7.

/ — nodej

VAN

crack front i+1 crack front i

Figure 9.0.6 Cycles computed for each node along each crack front.

=
(W)

=
o
|

cumulative cycles (million)
an
|

0 T T T
0 20 40 60 80

crack growth step

Figure 9.0.7 Cycles versus crack step.

There are several benefits of this approach. The most significant is that all paths give the same
number of cycles. Paths along the model surface, where SIFs are least accurate, can be plotted
and the cycles will be consistent with a path through the mid-points of the fronts, Fig 9.0.8.
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Figure 9.0.8 Different paths give the same number of cycles.

For cracks such as that shown in Figs 9.0.3 and 9.09, path selection might be ambiguous, but all
paths will give a consistent number of cycles, assuming the paths go through the same number of
crack steps.

X
S
N

N\
N
\\\\\\\\\\\\\\

e
R
VA
L N\
L

Figure 9.0.9 Different paths give the same number of cycles.

9.1 Fatigue Life Predictions

The Fatigue Life wizard, Fig 9.1.1, allows the user to compute fatigue cycles. The dialog shows
the cracked model on the left. The right side will display plots of cycles, SIFs, and other data.
The buttons and options in the middle pane are described here.

Note that the Set Parameters button leads to the crack growth model selection described in

Section 6.5.1. The crack growth model that was used to grow the crack can be re-used here, or
one can choose a different model to compute the life.
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If the user grew the crack with a quasi-static growth model, the right-side pane in Fig 9.1.1 will

indicate that no lifing parameters have been defined. If crack growth was done using a
subcritical growth model, the parameters are already defined and the right-side pane will show a

plot of cycles versus crack step, Fig 9.1.2.

Fatigue Life
Display Read SIF Data

v Marke

itk Set Parameters /iy

¥ Vectors
¥ Polygons Read Parameters /iy

P Ted Save Parameters

™ Mesh

reset) ¥ Plot Cycles
(crack) = PlotTime
o . No Lifing Parameters Defined
n

I” Check Crack Depth

Wax Depth 0

Data Table

Crack Front Flots

Dismiss
Figure 9.1.1 Fatigue life dialog.

Read SIF Data Cycles vs. Crack Growth Step
3.000e+006

. SetParameters |

Read Parameters
Save Parameters

& Plot Cycles:
2.000e+006 |-
€ Plot Time:
n
& Growth Step 5
" Relative Variance [9)
€ Surface Lengfh
i [+ =] 1.000e+006 |-

 Path Define

™ Check Crack Depth

Max Depth: I 0
0.0000 1 1 I 1
Data Table 0.0000 2.000 4.000 6.000
Crack Growth Step
Total Cyeles : 2766218 =
Integration was Stopped Because:
all availabkle crack steps considered e

Dismiss
Figure 9.1.2 Fatigue life plot.

9.1.1 Read SIF Data

The Read Sif Data button (Fig 9.1.1) allows one to read the .fcg file. The .fcg file is
FRANC3D'’s file format for storing fatigue crack growth data, which includes all the SIF history
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data. The .fcg file can be created using the Advanced menu option: Create Growth History,
Section 12.5. The file selector dialog, Fig 9.1.3, is displayed.

@ ID Ansys j

Directories X | | Files in C:Temp\Cube\Ansys
= Ca J 1)

1 Autodesk D junk.fcg

1 bruce

(1 cygwind

1 Jane

1 PerfLogs
1 Program Files
1 Program Files (xB6)
21 Python27 f
1 RegBackup
3 simuLIA
B0 Temp
I =] AnisotropicThickPlateShear
I [ AnisotropicThickPlateTension
[Z1 Brueggert
& ] CenterThruCrackPlate
& ] ComerCrackHolePlate
=1 Cube
1 Abaqus

# 1 Cube_test_rings I
@1 Nasiran =
File name: |

Cancel |

File type: [SIF History Files (*fcg," FCG) =

Figure 9.1.3 File selector dialog for .fcg files.

9.1.2 Set Parameters

The Set Parameters button leads to the definition of the crack growth rate model, which was
described in Section 6.5.1.

9.1.3 Read Parameters

The Read Parameters button allows one to read a previously saved crack growth rate model
from a file. The file selector dialog, Fig 9.1.4 is displayed with the available .cgp files.
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@ ID Ansys j

Directories

X | | Files in C:\Templ\Cube\Ansys

= C)
(21 Autodesk
21 bruce
1 cygwing4
21 Jane
1 PerfLogs
23 Program Files
23 Program Files (x86)
1 Python27
1 RegBackup
23 simuLia
=0 Temp
[ AnisotropicThickPlateShear
[ AnisotropicThickPlateTension
21 Brueggert
[Z1 CenterThruCrackPlate
[Z1 ComerCrackHolePlate
=] cube
1 Abaqus
1 Cube_test_rings
(71 Mastran

J= ) ]

D cube_crack_fatigue_params.cgp

File name: |

File type: |Gmwtr| Parameters Files (*.cgp,* CGP) j

Cancel |

Accept | i

Figure 9.1

9.1.4 Save Parameters

4 File selector dialog for .cgp files.

The Save Parameters button allows one to save the current crack growth model data to a file.
The file selector, Fig 9.1.5, is displayed; the user can enter a .cgp file name. This file can be re-

used as in Section 9.1.3.

23 Program Files

23 Program Files (x86)

21 Python27

1 RegBackup

23 simuLia

=0 Temp
(] AnisotropicThickPlateShear
[ AnisotropicThickPlateTension
21 Brueggert
[Z1 CenterThruCrackPlate
[Z1 ComerCrackHolePlate
=1 Cube

1 Abaqus

1 Cube_test_rings
[ Mastran =

@ ID Ansys j Mew Directory

Directories X | | Files in C:\Templ\Cube\Ansys

= Ca Ala.

[Z1 Autodesk D cube_crack_fatigue_params.cgp
21 bruce

(1 cygwins4

21 Jane

1 PerfLogs

File name: |

File type: |Gmwtr| Parameters Files (*.cgp,* CGP) j

Cancel |

Accept | f

Figure 9.1.5 File selector dialog for .cgp files.
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9.1.5 Plot Cycles — Plot Time

The right-side pane can be used to plot either cycles or time.

9.1.5.1 Plot options

There are three plot options: Growth Step, Relative Variance, and Path.

Growth Step corresponds to the discrete steps of crack growth that the user defines for analysis.
The plot on the right shows computed cycles versus crack step #. The cycle count at each step is
the average cycle count computed for all mid-side nodes when growing the crack from one step

to the next.

The second option, Relative Variance, displays the standard deviation in the computed data.

The third option, Path (Fig 9.1.6), allows the user to define a path. Pressing the Define button,
invokes the dialog shown in Fig 9.1.7. This dialog is the same as for the Path tab described in

Section 6.8.1.

Fatigue Life

|y ~ - ~ -

Display Read SIF Data
Wrzies Set Parameters
¥ Vectors
¥ Polygons Read Parameters
I Text Save Parameters

™ Mesh

@ Plot Cycles:

(reset)
© Plot Time:

(crack)

 Growth Step

€ Relative Variance
Save | Read

——— | [ &) surface Lengin lE,
ggg’g @ Path [ Befing

View Options ™ Check Crack Depth
Recenter Max Depth: 0

Capture
Data Table

0.800

Path Length vs. Cycles

0.600 [

0400

Length on Path

0.0000

0.0000

I I I
1.000e+006 2.000e+006
Cycles

3.000e+006 |

Total Cyeles :

2766218

Integration was Stopped Because:
all available crack steps considered

j

Dismiss

Figure 9.1.6 Surface length versus cycles.
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Path
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Ending crack front segment: |1 =
v Vectors : : I_—I
¥ Paolygons Path Type
I Text & ConstantNormalized Distance  (0-1): | 05
Set Speed ¢ Mearest Point on Next Front (0-1) I 05
Options ¢ Intersection of Fronts With a Plane Define Plane
IV Axes
™ FIB Colors Path Constraints

z

L.

Save ﬁ
BRba
ST L

Clipping

Recenter
Cut Planes
Box Zoom

Minimum Allowed Mormalized Location (0-1): I 0.05
Maximum Allowed Normalized Location (0-1) : I 0.95

[~ Fit Path with Polynomial
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Order: I a

Crack Starting Information

" Crack Start Point | 0 | 0 ::l 0
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Accept | Accept Save View

Cancel |
h

Figure 9.1.7 Define Path dialog for plotting fatigue cycles vs path.

9.1.6 Data Table

The Data Table option displays whatever data is currently active in tabular form, Fig 9.1.8. The
dialog has an Export button that allows one to save this data to a file. Press the Export button
to invoke the file export dialog to save the data to a .txt file.

Plot Data E—
Export Cycles Path Len

1 0.000000 0.000000
2 460575.000000 0.060111
3 918024.000000 0.144102
4 1.380089e+006 0.247835
5 1.841797e+006 0375077
] 2.306150e+006 0.530518

[ T 2.766218e+006 0.724546

Dismiss |

Figure 9.1.8 Data table dialog.
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9.1.7 Crack Front Plots

The Crack Front Plots option displays the SIF and other data, Fig 9.1.9. There are tabs along the
top right that allow one to display Kmax, Kmin, Delta K, Keq, Kstatic, Khold, R, and Temp.
The data can be displayed in a table or exported to a file using the Table and Export tabs. Data
can be displayed for each crack front and for each crack growth step.

B Crack Front Growth Parameters

Display LuadE\tenlI‘ onPropGyclic: Kmax(1) Kmin(2) ime=20, Khold({ j
v Mark:
BTSSR || e i Crack Growth Step [5 v
¥ Vectors
 Poygons | Kmax | kmin |ettak| Keq | <caiic] knoid | R | Ternp | Table | Export|
v . .
e Maximum Stress Intensity Factor
™~ Mesh -
(reset)
(crack) 1000 |
= L
save | Read | || §
60.00 |
ELE Y[ P2 &
DEEE | e
View Options Mg
__Recenter | | ™ 000}
—KI
Capture
—KII |
e L) — KIII
-20.00 L 1 L 1 I 1 I 1 1
0.0000 0200 0.400 0.600 0.800 Looo
A B
normalized distance along front
Return |

Figure 9.1.9 Crack Front Plots dialog.

9.2 View/Edit Growth Parameters

The View/Edit Growth Parameters menu option allows the user to view and edit all the current
crack growth parameters. The dialogs described in Section 6.5 are presented with the current

settings and values; these can be edited here.

9.3 Crack Front Fatigue Values

The Crack Front Fatigue Values menu option displays the dialog shown in Fig 9.1.9.

10. Fretting Menu Wizards and Dialog Boxes

The wizards and dialog boxes for the Fatigue menu option are described in this section.
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10.1 Read Model and Results

FRANC3D can read ANSYS and ABAQUS files for fretting analysis. The FE information is
contained in .cdb and .inp files, respectively, Fig 10.1.1. The FE information consists of nodes,
elements, and a definition of the contact surfaces.

Once the FE model is imported, analysis results must be imported. A typical fretting test is
conducted by applying a normal load (P) and then applying a maximum and minimum tangential
(shear) load (Qmax and Qmin). Simulating this can produce a pair of results files for the Qmax and
Qmin conditions. In most cases, the Q load is applied in smaller increments, which provides
results at multiple intermediate substeps, as well as the Qmax and Qmin maximum load steps.

Select the Fretting Read model and results menu item, to display the dialog in Fig 10.1.1, and
choose the fretting model. The File type can be changed to Abaqus to display .inp files.

Once the FE model is chosen, the results file must be selected, Fig 10.1.2. One can choose to
read a pair of analysis results, corresponding to the Qmax and Qmin load steps, or read a .dtp file
with multiple load step results.

Cpen File
@ W |[:| fretting_test_rig j
Directories X | | Files in C\bruce\ansysiretting_test_rig
= Ci I Y s
[Z1 Autodesk [Z1 abaqus
=1 bruce [ fretting_rig.cdb
B[] ansys
] Abaqus_applied_disp Oe
# [] Abagqus_base D golden_mm_global.cdb
= | Abaqus_cload_dload D golden_mm_local.cdb
# [] Abagqus_user_defined
21 ansys_with_temp_mat
= (1 BMCB35 '
Bk fretting_test_rig |
] abaqus I

# (] gear
# (] Landon
1 merge_cracks |
21 test_cube_wb
M1 two_mats

® (1 hg3z

® (1 hab4

# ] Reprise

® (] cygwinG4

# 1 GARMIN =
File name: Ifretting_rig_mat.cdb Fils type: Ansys Files (*.cdb,*.CDB) =]
Cancel | Accept |

Figure 10.1.1 Fretting dialog for importing FE model data.
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For the Pair of results option, select the Browse button for Qmax or Qmin to display the

Fretting Read Results

Analysis results:

+ Pair of results

¥ P +Qmax hg_rig_ansysliretting_rig_mat_lﬂ.str Browse |

¥ P +Qmin bg_rig_ansysliretting_rig_mat_lsz.str

" Multiple load steps (.dtp file)

Select .dtp file:

Browse |

cancel | q eack | pnisn |

Figure 10.1.2 Fretting Read Results dialog.

dialog shown in Fig 10.1.3. If an ANSYS .cdb file was imported, ANSYS results files are

expected. The ANSYS .str files are simply the nodal stress listings saved to a file.

Corresponding strain (.stn), displacement (.dsp) and contact status (.con) listings should also

exist with the same name prefix.

ABAQUS results are read from fil files.

Locate res

ults file(s)

@ B ID fretting_test_rig j

=] |
S]]
2] ]

Directories X | | Files in Cibrucel\ansysifretting_test_rig
= o J ) [}
B[] Autodesk 1 abaqus
=171 bruce D fretting_rig_els1.str
=120 ansys [ fretting_rig_els2 str

(1 Abaqus_applied_disp
# ] Abaqus_base

# ] Abaqus_cload_dload

1 Abaqus_user_defined
(1 ansys_with_temp_mat
(Z1 BMCB35

=

1 gear

21 Landon

21 merge_cracks

[m5] tesi_cube_wb

21 two_mats

(] hg32
® ] hgb4
® ] Reprise

cygwing4
GARMIN
NVIDIA

[ fretting_rig_ls1.str
D fretting_rig_ls2.str

fretting_rig_mat_Is1.str
[ ] fretting_rig_mat_Is2 str

File name: Ifretling_rig_mal_\ststr

File tye: [Ansys listing Files (*.5tr,%.5TR) k|

Cancel |

Accept |

Figure 10.1.3:

Fretting dialog for locating results files.
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Selecting the Multiple load steps option activates the Select .dtp file field, Fig 10.1.4, and allows
one to Browse for the .dtp file. The .dtp files can be created from ANSYS using APDL

commands and from ABAQUS using Python commands.

Fretting Read Results

Analysis results:

¢ Pair of results

¥ P+ Qmax | Browse |
¥ P+ GQmin | Browse |

' Multiple load steps (.dtp file)

Select .dtp file: Iettin g_rig_ansys\iretting_rig_mat.dtp Browse |

Cancel | <] Back | Finish |

Figure 10.1.4: Fretting dialog for locating results files.

FRANC3D reads the mesh information and results and determines the contact surfaces. The user
can choose the contact pair to be analyzed using the dialog shown in Fig 10.1.5. The contact
pairs are listed on the left side and colored blue in the model. The blue surface is colored red
when it is selected. Note that only one contact pair is analyzed at a time.

Select Contact-Pair Surface

[ contact_10_9_contact Display

contact_6_5_contact ¥ Markers

[[] contact_6_6_contact_ ¥ Vectors
¥ Polygons

v Text
[~ Mesh

(reset) (d)

bR B
LB
View Options
Recenter
Capture

1] | & [_!J\H@

Contact Surface Pairs |

Cancel | Bacl | Finish

Figure 10.1.5 Select contact-pair surfaces dialog.

234



10.2 Import Nucleation Data

FRANC3D can import experimental fretting fatigue test data and perform curve fit operations on
the data. Select the Import Nucleation Data menu item to display the dialog shown in Fig
10.2.1. The user should select the file containing the raw experimental data. The format for this
text file is:

sigma_axial  cycles

675.3 2.23e4

655.7 2.63e4
533.8 4.45e4

Fretting Read Data

Fretting Fatigue Crack Nucleation

number of fretting cycles fretting nucleation I I

Browse for File| FPlot/Edit Data

y=alx"b)+c(x"d)

Cancel | <] Bac | Einish |

Figure 10.2.1 Fretting dialog for importing experimental fretting nucleation data.

Select the Browse for File button, Fig 10.2.1, to display the File open dialog, Fig 10.2.2., and
select the appropriate .txt file.

The fretting data is shown in tabular form, Fig 10.2.3. Select the Plot/Edit button to display the
dialog shown in Fig 10.2.4. The fretting nucleation data is shown in tabular and graph form.
The user can edit the data in the table by selecting the Edit menu item and switching from the
default Read Only mode. The user can also perform curve fitting operations on the data using
the Fit menu. The Fit menu provides seven different equations for comparison, but the standard
fretting model corresponds to the Power Law?2 equation.
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Locate the fretting data file

@ |D fretting_test_rig j

Directories X | | Files in C\bruce\ansys\fretling_test_rig
= c =) [T

@] Autodesk [l abaqus

£ bruce

=0 ansys D fretting_prediction_mswt td
(] Abaqus_applied_disp D fretting_prediction_ruiz td
[Z1 Abaqus_base [ fretting_prediction_seq bt
[ Abaqus_cload_dload D fretting_rig_mat_ FRET_RS SURF .kt
(] Abagus_user_defined D fretting_rig_mat_rdata.td

21 ansys_with_temp_mat
3 BmcB3s
g retting_test_
1 gear
3 Landon
21 merge_cracks
(21 test_cube_wb
3 two_mats
(1 hga2
1 hge4
1 Reprise
1 cygwing4
21 GARMIN
™1 NVIDIA =l

File name: Iﬁemng_nuc\eaﬂon.m File type: [tc Files (*.bd," TT)

E

Cancel |

Accept |

Figure 10.2.2 Fretting dialog for selecting the fretting nucleation data file.

-

Fretting Read Data

Fretting Fatigue Crack Mucleation

number of freting cycles fretting nucleation *
|| 22300.000000 675.30000C
|| 26300.000000 655.70000C
|| 44500.000000 533.80000C
|| 58800.000000 513.10000C
| 71800.000000 395.50000C
| 76500.000000 389.40000C -

1] | »
[y=atxp)+ciena)
Cancel | q| Back | Finish

Figure 10.2.3 Fretting dialog shows fretting nucleation data in tabular form.
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Fretting Fatigue Crack Nucleation .

File Edit Fit
cycles siama axial | = Fretting Fatigue Crack Nucleation

[1 | 22300000000 675300000 7000

|2 | 26300000000 655700000 .

|3 | 44500000000 533800000

[4 | ssso0.000000  513.100000 r

|5 | 71200000000 295500000

|6 | 76500000000  389.400000 000

|7 | 98100000000 304500000

[ | 101000000000  287.600000 g |

[0 | 103000.000000  291.900000 e |

10 | 219000000000 208500000 || & |

|11 | 309000.000000  230.800000

[12_| 560000000000 231200000 3000 = u I

[13 | 1740000e+006  226.800000 . |

(14 | 2130000e+008 244200000 P " "

[15 | 3.050000e+006  229.000000 . '

[16 | 3.450000e+006  168.000000 ! |

[17_| 4170000e+006  176.000000 — 1000 ! ! ! ! ! ‘ !

[18 | 2.170000e+005  136.800000 00000 ! > 3 +

[19 | 4170000e+006  148.800000 v cycles

Cancel | Accept

Figure 10.2.4 Fretting dialog for plotting fretting nucleation data.

The usual fretting nucleation model uses a power law relationship with four coefficients to relate
the fretting nucleation cycles on the horizontal axis with the fretting parameter on the vertical
axis. This power law is highlighted in Fig 10.2.5, which also shows the fit through the data. The
goodness-of-fit is displayed on the top of the plot with the equation. The equation coefficients
are shown in the top-level dialog, Fig 10.2.6.

Fretting Fatigue Crack Nucleation .
File Edit |Fit
Linear: y=a+bx
cycle  Polynomial_2: y=a+bxrce'2 Fretting Fatigne Crack Nucleation (y=a(x"b)}+c(x"d). coeff=0978479)
11| 2= Polynomial_3 y=a+bx+oet2+det3 | 700.0
2_ 2E PowerLaw: y=a(x"b)
|12 | 44 PowerLaw+c y=a(x'b)+c
14 | PowerLaw2: y=a(x"
15 | 71 Exponential: y=a(e™{bx)}+c
|6 | 76500.000000 389.400000 500.0
7_ 98100.000000 304.500000
|8 [ 101000.000000 387.600000 g |
|9 [ 103000.000000 391.900000 | |
110 | 219000.000000 296.500000 g |
|11 | 309000.000000 230.800000
L 560000.000000 231.200000 3000 i
|13 [ 1.740000e+006 226.800000 |
|14 | 2.130000e+006 244.200000
|15 | 3.050000e+006 229.000000 I
|16 | 3.450000e+006 168.000000 |
l41700009+005 176.000000 — el s b b b b b Lo L
|18 [ 4.170000e+006 136.800000 0.0000 L 2 3 +
19 4.170000e+006 148.800000L| cycles

L |

Cancel Accept

Figure 10.2.5 Fretting dialog for plotting fretting nucleation data with power law curve fit
through the data.
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Fretting Read Data

Fretting Fatigue Crack Mucleation

number of fretting cycles fretting nucleation -
a | 22300.000000 675.30000C
2 26300.000000 655.70000C
3 44500.000000 533.80000C
4 58800.000000 513.10000C
5 | T1800.000000 395500000
6 T6500.000000 389.400000 -

| »

-

Browse for File F'Iot:'EdltData

I],l': 364770726 (x* -0.053200 ) +442835.879967 (x* -0.681027 )

Cancel | < | Finish |

Figure 10.2.6 Fretting dialog shows fitted equation and coefficients.

10.3 Fretting Crack Nucleation

FRANC3D computes fretting fatigue crack nucleation cycles and initial crack location (and
possibly orientation) based on one or more of the fretting nucleation models that have been
implemented. These include: the equivalent stress, the critical plane shear stress amplitude, the
critical plane Smith-Watson-Topper, the Ruiz-Chen model, and a modified Smith-Watson-
Topper model. The model equations and parameters are briefly summarized here.

For more details, refer to: Three-dimensional Simulation of Fretting Crack Nucleation and
Growth, B.J. Carter, E.C. Schenck, P.A. Wawrzynek, A.R. Ingraffea, and K.W. Barlow, EFM, 96
(2012), p.447-460.

The equivalent stress model is defined by:

Geq = 0.5 (Acpsu)" (Gmax)™™ 1)
where Acpsu and omax are functions of the nodal stress components and w is a material dependent
fitting parameter. Based on curve fitting of experimental data, the equation in the form of the
power law:

Oeq = aN{ + cN;¢ (2)

relates ceq to Ni, where coefficients a — d are material dependent fitting parameters. For
example, for Ti-6Al-4V, a = 52476, b = -0.6471, c = 450.85 and d = -0.03582.

The critical plane shear stress amplitude model is defined by:
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Yerit = Tmax/G (1'R‘t)m (3)

where tmax IS the maximum shear stress on the critical plane, R- is the shear stress ratio, G is the
shear modulus, and m is a material dependent fitting parameter. Substituting ycrit for ceq In
equation (3), one can compute N; given the appropriate values for the coefficients a —d. For Ti-
6AIl-4V, a =6.46, b = -0.686, c = 4.65x10-3 and d = 1.22x10-2.

The critical plane Smith-Watson-Topper model is defined by:
Cerit = omax (Ae/2) = (o 1 E) (2Ni)?® + o ¢ &r (2Nj)°*C @)

where omax IS the maximum principal stress and Ag represents the normal strain amplitude on the
critical plane; this equation is already in the form of equation (3). E is the elastic modulus, ot
and ¢ are material strength parameters, and b and c are fitting parameters. For Ti-6Al-4V, of =
376.6 MPa, b =1.78x10-4, ¢ =-0.767 and & = 32.4.

The Ruiz-Chen model fretting parameter, F», is equal to the product of the shear stress (t),
relative slip (8), and bulk normal stress (o):

Fo=o01d (8)

The number of cycles is computed by replacing ceq in equation (2) with F2. The parameters a, b,
¢, and d will be material dependent.

Recent work by Hirsch? (2013) following work by Ding et al® (2007) indicate that a fretting
model that combines the Ruiz-Chen and SWT (or Fatemi-Socie) models can more effectively
predict fretting crack nucleation location and cycles, in addition to accounting for the transition
from fretting to wear. Hirsch (2013) used the Fatemi-Socie model for his material and test
specimens and proposed the following:

FS-D=f(Ny ©)
where
D= I:[l-a]emn_"' +a]|:|{l —c)e +{:|

i_
W, =% (8
o 1+.:1r¢{ ]

2 Hirsch, M. (2013) Temperature Dependent Fretting Damage Modeling of AISI 301 Stainless Steel. PhD Thesis,
Georgia Institute of Technology.

% Ding, J. et al., (2007) Fretting fatigue predictions in a complex coupling. International Journal of Fatigue, 29,
1229-44,
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and a, b, ¢, and d are constants, FS is the Fatemi-Socie parameter, R is the wear rate, Wes is the
effective work, kdam is the fraction of the total frictional energy that goes toward fatigue damage,
owep IS the ratio of the frictional energy, and (td) is the frictional work.

The first dialog box that is displayed after selecting the Fretting Crack Nucleation menu item,
if there are more than two load steps, is shown in Fig 10.3.1. The user can specify the pair of
load steps of interest or have FRANC3D process all load step pairs to find the pair that
maximizes the fretting parameter.

Load step_substep

& Pick pair ¢ Find pair
O step_1_substep_gi|
[ step_2_substep_
[ step_3_substep_0
[ step_4_substep_0
[ step_5_substep_0
[ step_6_substep_0
[ step_7_substep_0
[ step_8_substep_0
[ step_9_substep_0
[ step_10_substep_
[ step_11_substep_
[ step_12_substep_
[ step_13_substep_
[ step_14_substep_ _

F mtnem A miimcdne
<| i 3

Cancel | Accept |

Figure 10.3.1 FRANC3D Fretting dialog to select load step results.

The next dialog box, Fig 10.3.2, allows the user to select one of the fretting nucleation models.
Selecting Next leads to the dialog shown in Fig 10.3.3, which lets the user define the fretting
model parameters. Note that the user can select the fitting coefficients based on a curve fit
through the experimental data (see previous section). If these coefficients are not available, the
option for curve fit values is disabled. All fretting models have similar dialogs, Figs 10.3.4 -
10.3.7.
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Figure 10.3.2 Dialog to select fretting nucleation model.

Fretting Nucleation

Figure 10.3.3 Fretting dialog to set equivalent stress fretting model parameters.
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Fretting Nucleation

Figure 10.3.4 Fretting dialog to set critical shear stress model parameters.

Fretting Mucleation

7171.15

-0.766822

wtte| Reaa|

Figure 10.3.5 Fretting dialog to set Smith-Watson-Topper (SWT) model parameters.
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Fretting Nucleation

Ruiz-Chen model:

1(2=3N}J+(:N‘ii Kl’.:Btts

Terms: * user-defined ¢ curve il . T. & from FE results

a [10

b [0.1

= |0,1

d: [0.01
Writel Readl
Plot Ni vs Ruiz-Chen

Compute data at:

& node  element centroid

cancst | dmex |

Figure 10.3.6 Fretting dialog to set Ruiz-Chen model parameters.

Fretting Mucleation

modified SWT model:

ml"swl=aN}’ + c]\l‘;-i Mgt = Omay A8 Dyt Cpmax AEa=(E!% ! E)(Q'Ni)m

Terms: @ userdefined ¢ curve fit Dﬁ,e‘=(l+015)m <l-(15.f15m)>ﬂ + (@ af)ON)B+C
f i

a [1.125 c [1 E |1zs1oo

b: [0000355 mpBr oses
e [376.

e [1171.15 n [0.25 gl2e

& [.0.766822

Wl

8 B |0.000178
Write| Read Oinax AE,T.5 from FE results ¢ [0.767

Update (a-d)

Plot Nivs mSWT |

Compute stress and strain at:

& node " element centroid ¢ averaged at node

Surface

[~ Add residual stress

Cancel | <| Back | Next [»

Figure 10.3.7 Fretting dialog to set modified SWT (FS) model parameters.

The dialog boxes shown in Figs 10.3.3 - 10.3.7 have an option for averaging stress and strain.
Rather than computing the fretting parameters based on surface node values, the user can choose
the element centroid or an averaged value. If the averaged at node option is chosen, the next
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dialog box is shown in Fig 10.3.8. The user can adjust the size of the displayed sphere by
changing the Averaging length value. Note that stress values are not averaged across material
region boundaries. Typical length values used in the literature are based on material grain size.

Fretting Mucleation

Display

™ Show edge-of-contact: ™ Markers
¥ Vectors

Averaging length: |0.00220128 IV Polygons
I Text
5 I~ Mesh

Stress/strain averaging:

¥ Show slip direction:

Rotate slip: Ig
Scale slip display: Im

|(reset} (d)

Save | Read

Sl LalE)
A Ll

View Options |
Recenter |
Capture |

Cancel | <] Back | Mext [» I

Figure 10.3.8 Fretting dialog for volume averaging of stress (and strain).

Selecting Next on the dialog shown in Fig 10.3.8 leads to the dialog shown in Fig 10.3.9. This
dialog shows the model and allows the user to view the contact surfaces, the edge of contact, the
fretting nucleation cycles, and the fretting parameter values. The latter two items can be
displayed as text or using color contours.

Selecting the Save to File button on the dialog shown in Fig 10.3.9 leads to the file save dialog
shown in Fig 10.3.10. The fretting nucleation data is saved to a text file with the following

format:

primary surface

node X y z parameter cycles
19222  0.49648972  0.91291108 0.15 25 19283
20917  0.52414545  0.94056681 0.12 29 18453
20881  0.51283174  0.92925310 0.12 24 19898
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Fretting Nucleation

Display fretting:
™ Modes in contact

. 2165.0
™ MNodeids 1852.1
1735.2
[~ contact_5_5 1518.3
I™ contact 6_5 1301.4
1084.5
I” Local basis scale: |1 867.6
650.7
™ slip direction: =cale: Im 433.8

216.9

™ Mucleation text:

0.o0oo0

C oles

(#| parameter

¢ contact 5 5 €& contact 6.5

v Nucleation contours:

 cyles % parameter

modified SHT porameter

Display

™ Markers
W Vectors
™ Polygons
¥ Text

™ Mesh

(reset) (d)

Save ‘ Read

CQna
DEB®

View Options |
Recenter |
Capture |

o L
" contact 5 5 & contact 6.5
Save to Filel
.,
Cancel | <] Back | Finish |

Figure 10.3.9 Fretting dialog for displaying fretting nucleation cycles and parameter values
and contours.

P

B | Save File As

Directory:l[:l fretting test rig

o @ > ek

(=]

0.
D fretting_cycles_predicted. bd
i eation. bt

Eile Name: |Untitied0.bd

File Filter: IFret‘ling Diata Files (*.bd,* TAT)

~  cancer |

OK |

Figure 10.3.10 Fretting dialog for selecting file to save fretting nucleation predictions.

The user can go Back and choose a different fretting nucleation model to compare predictions.
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10.3.1 Surface treatment residual

An additional option for each of the fretting models (except for the Ruiz-Chen model) is the
ability to add a surface treatment residual stress. Checking the Add residual stress box, leads to
the dialog in Fig 10.3.11. The residual stress treatment is the same as described in Section 7.2.4.
The stress versus distance from the surface is specified or read from a file, and then the treated
surface is identified. The residual stress is added to (or subtracted from) the bulk stress when
computing the fretting parameters.

Fretting Mucleation
ELE A Surface Residual Stress
MNumber of points: 2 L.000
distance | stress |
1
Read From Filel Save To File |
™ Read Only
a
< 0.0000 [
2
-1.000 1 I 1
-1.000 0.0000 1.000
distance
|
Cancel < Back Mext [»
| | | |

Figure 10.3.11 Fretting dialog for selecting file to save fretting nucleation predictions.

10.4 Region Color

FRANC3D will display material regions with distinct colors. The Region Color menu item
allows the user to turn on or off the region coloring, Fig 10.4.1. This option is purely for display
purposes, and regions can be differentiated in complex multi-region models.

Color Material Regions

¥ Do color material region

Cancel | Accept |

Figure 10.4.1 Fretting dialog for turning off/on region coloring.
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11. Display Menu Wizards and Dialog Boxes

The wizards and dialog boxes for the Display menu options are described in this section.

11.1 View Response Dialog

The View Response menu item allows one to view the deformed shape of the current model.
Analysis results are required to activate this menu item. The dialog shown in Fig 11.1.1 is

displayed.

The Display Mesh Overlay can be turned off to remove the surface mesh facets from the model

view.

The deformed shape can be displayed by turning on the Display on Deformed Geometry option

and entering a non-zero magnification factor, Fig 11.1.2. If there are multiple load steps, the

deformed shape for a specific load step or for the sum of all load steps can be selected.

¥ Response

L_.‘_g||'_'||®|

- m} x
lEispIay - Mesh Cwverlay
v Markers X
T Vectors [ Display Mesh Overlay
¥ Polygons [~ Show Mesh Mode Id's
s v Text Mesh Color: & Black ¢ White
::"g. [~ Mesh r I 0
‘ﬂ e
: Ty
*-‘tﬁ"’"ﬂ?‘ ﬂh‘hﬂ - Deformed Geometry
gy ) ﬂ%ﬁﬂ%ﬁ%ﬁg&g&ﬁ ™ Display On Deformed Geometry
A 7 Fm’%wﬂbgﬁu _________
{f ‘V“E&% ’%ﬂ% Save | Read e S€ I vI
.-__' ?%’é‘é%i'ﬁigﬁi a @ m all Displayed Regions
ﬁ’r‘hﬂ%‘v 4 . m & Al Regions  Material ID:I 1
h“i'}-'- ' '(,‘ View Options | . }
y ; ", 4 ¥ Show Original Solid
y W 4|Recenter [ Show Original Qutline
= Capture | [~ Show Region Colors

Figure 11.1.1 View Response dialog showing undeformed mesh.
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B Response

Llllell@l

Display - Mesh Overlay
¥ Markers
[~ Display Mesh Overla
¥ Vectors b= g
W Polygons I~ Show esh Node [ds
v Text Mesh Color: & Black ) White
[~ Mesh
(resel) r Deformed Geometry
(crack)
¥ Display On Deformed Geometry
Deformation Magnification Factor: I 1qu
Save | Read Use load case: Isum vl
a @ D =R Displayed Regions
m & AllRegions ¢ Material ID:I -1
View Options |
[~ Show Original Solid
__ Recenter_ | [ Show Original Outline
Capture | [~ show Region Colors

Figure 11.1.2 View Response dialog showing the deformed shaded solid and the original

wireframe outline.

11.2 Create Animation Wizard

The Create Animation menu item allows one to create and save crack growth animation files.
The dialog, Fig 11.2.1, allows one to select a set of FRANC3D restart (.fdb) files to create an

animation of the crack growth.

The File — Read Files menu option displays the file selector dialog, Figl1.2.2. One can select
the set of .fdb files for the crack growth animation. Use the Shift or Ctrl key to select multiple

files.

Select Accept when ready, and FRANC3D will read each

of the .fdb files along with the

associated FE files. This process can take some time depending on the number of files and the
size of the model; a status bar is displayed as the files are processed.
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B Create Animation - O X

File Settings

Display

¥ Markers
¥ Vectors
¥ Polygons
v Text

™ Mesh

|(reset} (d)

Save ﬂ
@b a
Sl
View Options |

Recenter |

Capture |
O [

4 Prey | First | avi file | Last | ext [ |

Figure 11.2.1 Create Animation dialog.

Once all files have been processed, the first crack model is displayed, Fig 11.2.3. The ordering
of the crack models is based on the file name.

The Last and Next buttons at the bottom are activated; the First and Prev buttons will be
activated if one steps to the next or last crack model.

The avi file button is also activated. This allows one to save an .avi file of the crack growth
steps. The file consists of a series of images (one for each step of crack growth) based on the
current model view (camera position). You should orient the model into a camera position that
shows all of the crack growth steps before clicking the avi file button.

The Settings menu has two options: 1) Frame Rate and 2) Angle Threshold. The frame rate of
the .avi file can be adjusted to speed up or slow down the animation. The angle threshold
controls the display of the geometric lines and surfaces (see Section 14.1).

Note: if the last step of crack growth is not displayed correctly when playing, make a copy of the

last step, and include it at the end of the list of files that are selected. For example, in Fig 11.2.2,
the extra copy of the ¢ step 006’ might be called “ step 006b’.
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Select .fdb file(s)

@ B |[:| Abagus_base j New Directory b=
Directories X | | Files in C:\bruce\ansys\Abaqus_base

(=Nl J ) [
1 Autodesk D Abaqus-Cube-2cracks fdb
=] bruce

=[] ansys
(1 Abagus_applied_disp

[Z1 Abaqus_cload_dload
[Z1 Abaqus_user_defined
[Z1 ansys_with_temp_mat
21 BMCB35
21 gear
1 merge_cracks
1 test_cube_wb _
1 Toyota

1 ng3z

1 nge4

1 Reprise

21 cygwing4

[Z1 GARMIN
21 NVIDIA
[Z1 PerfLogs
#[1 Proaram Files i
File name: ||b.mb,Abaqus-r:ube-sub_STEF'_om.rdn,Abaqus-f:ube-sub_STEP_UUQ.rdb,... File type: [FRANC3D Files Files (*fdb,* FDB) |

Cancel | Accept

Figure 11.2.2 Create Animation select .fdb files.

B Create Animation — [m| X

File Seftings

Display

¥ Markers
¥ Vectors
¥ Polygons
¥ Text

™ Mesh
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Save | Read
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R LAl

View Options
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i

Capture

Ll [l | O

%x

4| Prev | First | avi file | Last | Mext [» |

Figure 11.2.3 Create Animation dialog with cracked model imported.
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12. Single Crystal Menu Wizards and Dialog Boxes

The wizards and dialog boxes for the Single Crystal menu options are described in this section.

12.1 Resolved Stress Intensities

The Resolved Stress Intensities menu item allows one to view the SIFs along the crack front

resolved onto slip planes. The first dialog, Fig 12.1.1, allows you to select the SIF computation
method; this is the same as in Section 6.4. The SIFs Display dialog, Fig 12.1.2, is different from

the standard SIF display (see Section 6.4); it includes options to display the SIFs resolved into
the various slip planes (e.g., 111). Rather than the standard three SIF modes (K, Ky and Kiy),

one can plot Krss, Krns and Krss/Krns.

Compute SIFs

Stress Intensity Factor Computation Method

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

" Displacement Correlation (least accurate)
¢ Virtual Crack Closure Techigue (VCCT)

V¥ Plot Stress Intensity Factors ‘

Cancel | <] Batl | Einish |

Figure 12.1.1 Compute SIFs computation method dialog.

B Resolved Stress Intensity Factors (Interaction / M-Integral)

File Dala Axes

Display

¥ Markers
¥ vectors
™ Polygons
¥ Text

™ Mesh

(reset)
(crack)

Save | Read |
ol Dalf
& Ol o
View Options |

Recenter |

Capture |
e L @l

Analysis Load Step I | SubStep [0 | CrackFront I hd

& (111) © (Q11) © (T11) © (111) € Max

| Kiss / Kans| ~ Table

Kpss I Ryns

Crack Growth Step |0 |

View Orientations

| Beor |

Resolved Shear Stress Intensity Factor

235

—(111)[011]
—(111)[101]
— (111)[110]

oo 02 04 06

normalized distance along front

08 Lo

Figure 12.1.2 Resolved SIFs display dialog.
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The View Orientations button displays the dialog in Fig 12.1.3. This gives a visual display of
the slip plane orientation relative to the crack orientation.

Crack Front Orientations

Display options Display

Mormalized front location: IU.51UU VI ¥ Markers
IV Vectors

W CrackAis 8 11 I~ Slip Plane -11-1 ¥ Polygons
I~ Material Axis I~ Slip Plane 1-1-1 [ Slip Plane -1-11 ¥ Text

[~ Material Cube I~ Normal Plane 01-1 [~ Mesh
A=

(reset)
- e (crack)
111

Save | Read |
B a
DEB®
View Options |
d Recenter |
é\z Capture |
C [l | Ry

101

Dismiss |
Figure 12.1.3 View Orientations dialog.

12.2 Resolved SIFs Along a Path

The Resolved SIFs Along a Path menu item allows one to view the SIFs along a path through
the crack fronts. The dialog, Fig 12.2.1, is slightly different from the standard dialog in Section
6.9. As for the Resolved SIFs dialog (see Fig 12.1.2), the user can select the slip plane and plot
Krss, Krns and Krss/Krns along the path.
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7 Resolved Stress Intensity Factors

File Data Axes
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L 0.0 0.01 0.02 0.03
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Figure 12.2.1 Resolved SIFs along a path dialog.

12.3 View Crystal Orientations

The View Crystal Orientations menu item allows one to visualize the crystal orientation, Fig
12.3.1, relative to the model and the crack. The slip planes can be displayed and moved around
in the model using the options on the left side.

Crystal Qrientation

Display Options Display
[ Material cube I™ Markers
) - ¥ Vectors
I-RERI-ROE V¥ Polygons
™ (1) 1y ¥ Text
™ Mesh

Center ™ Node Mum

@ Anchor at point

X coord: I 0
Y coord: I 0
Z coord: I 2

 Anchor at node

[Node: I 0

Size

Save | Read

DRDa
S LAl

View Options
Fine adjust Capture |
I

Ll

Dismiss |
Figure 12.3.1 Crystal Orientation dialog.

Larger | Smaller |
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13. Electrical Menu Wizards and Dialog Boxes

14. Advanced Menu Wizards and Dialog Boxes

The wizards and dialog boxes for the Advanced menu options are described in this section.

14.1 Edges Wizard

The Edge Extraction dialog, Fig 14.1.1, allows the user to control the geometry that is extracted
from the finite element facets. The Angle Threshold can be adjusted to increase or decrease the
number of surfaces by blending facets together.

The left side image in Fig 14.1.1 shows a curved surface that is treated as a single surface based
on the default angle threshold. If the angle is increased from 151 to 166, the surface appears as
shown on the right. In most cases, the default angle is good. However, for coarse meshes and
doubly curved surfaces, it is sometimes helpful to break the surface into more patches.

Section 4.4 of the User’s Guide describes a case where the edge wizard is used to improve the
geometry of an airfoil model.

r N
Edge extraction Edge extraction

Kink Angle Edges
Angle Threshold: [ 1612]

Kink Angle Edges

Angle Threshold: [ 165 2]
Planar Seed Fill Planar Seed Fill
I~ do planar seed I~ do planar seed
Planar Tireshold 179_,3' Planar Tireshold 179_,3'
Minfmum Facets 55 Minfmum Facets 5_,?
Edge Lines Edge Lines
¥ ¥
Add Edit|  Delete Add Edit|  Delete

Print Curvatures Print Curvatures

cancel | e | Emsn |

Figure 14.1.1 Edge extraction dialog; angle threshold increased.

The Planar Seed Fill option uses a different algorithm to break the surface patches, Fig 14.1.2.
The Planar Threshold and Minimum Facets can be used to adjust the algorithm results. The
results will vary depending on the underlying model mesh.
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Edge extraction

Kink Angle Edges

Angle Threshold. | 1512

Planar Seed Fill

Display

I~ Markers
¥ Vectors
¥ Polygons
IV Text

I~ Mesh

¥ do planar seed:

Planar Thresholg; | 1792]

- . =
Minimum Facets: 5;[

(reset) (d)

Edge Lines

I :Iv
sed - Eor|  pete
Print Curvatures

View Options |
Recenter |
Capture |

L1 | +l| B

cancal | qoace | mmisn |

Figure 14.1.2 Edge extraction dialog with do planar seed.

For cylindrical surfaces such as a hole in a plate, the user can add edges to break up the surface.
By selecting the Add button for Edge Lines in Fig 14.1.1, the dialog in Fig 14.1.3 is displayed to
allow the user to define edges, which are used to divide the surface.

Line End Points

X Iv |
start 0.000000 0.000000 0.000000
end 0.000000 0.000000 0.000000

Close Point Tolerance: I 0.0001

¥ Infinite Extent

Cancel | Accept |
Figure 14.1.3 Add edge dialog.

14.2 Display COD Data

The Display COD Data menu item allows the user to view and save crack displacement data.
The first dialog that is displayed, Fig 14.2.1, prompts the user to enter a distance back from the
crack front where crack displacements will be computed. The default is to measure the distance
from the crack front template nodes. If the user turns this option off, geometric points along the
front are used.
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Distance From Front

Distance from crack front to COD paints: I 01

¥ Compute COD at nodes:

Cancel |

Accept |

Figure 14.2.1 Write crack front data - Save File As dialog.

Select Accept on the dialog in Fig 14.2.1, and the dialog shown in Fig 14.2.2 is displayed. This
dialog displays the crack opening (COD), sliding (CSD) and tearing (CTD) displacements along

with the corresponding SIFs (K, K and Kyy).

The three menu items: File, Data and Axes are the same as for the SIF plot dialog (see Section
6.4). As with the SIF plot dialog, the data can be exported to a file, Fig 14.2.3. The data export

options include the crack displacements along with the locations where the displacements are

computed.

B Stress Intensity Factors

File Data Axes

¥ Vectors

Display Analysis Load Step |1 +| Sub Step |0 | Crack Front |1 |

P Waters | cop | csp | €10 | K | K | F | Table | Esport]

¥ Polygons
W Text
™ Mesh

(reset)
(crack)

View Options
Recenter
Capture

E‘.gH@

Crack Opening Displacement

0.00075

0.00072

0.00069 |-

CcoD

0.00066 -

0.00063 |

0.00060
00

A

02 04 06 0.8 10

normalized distance along front

Figure 14.2.2 Write COD data — create file dialog.
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Delimiters Options
& Tabs " Spaces " Commas I~ Reverse Order
Content

¥ Crack Opening Displacement
¥ Crack Shearing Displacement
¥ Crack Tearing Displacement
M K

M Kl

W Kill

W Crack Point Coordinates

¥ COD Point Coordinates

¥ Crack Point Axes

¥ Elastic Moduli

Create Filel

Figure 14.2.3 Write COD data — export tab.

14.3 Write Template Data

The Save File As dialog, Fig 14.3.1, is presented so that template data can be saved to a file.

The data is saved to an ASCII text file with .std extension.

-

B ' Save File As

Directory:l[j nastran_cube

@.

File Name: IUntitIedU.std O |

File Filter: IStd Temp Data Files (*.5td,*.8TD) j Cal |

Figure 14.3.1 Write template data - Save File As dialog.

The file format for this file is briefly described here.

STD_TEMPLATE_DATA
{

VERSION: 1
NUM_FRONTS: 1

CRACK_FRONT: 0 49 25 OPEN
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CORNER_SET: 0 # corner node ids of template element ring
11978 12907 11421 12440 11888 6756 7686 7222 8147 5762
6227 10350 10816 973 1436 4673 5142 8373 8835

SIDE_SET: 0 # side node ids
6938 3386 6470 14975 6003 2013 616 1081 3384
2479 2916 6383 2450 7784 6385 6854 9277 8246
8815 4877 8353 3061 1198 1662 7643 3527 7180
13551 6713 14015 14362 6338 13898 4288

NODE_COORDS: 1781 # list of all node ids and coordinates

7321 -0.52397588 -0.01178516 9.9308077
11252 -0.47625961 1.0479856e-014 9.7249057
NODE_DISP: 1781 # list of all node ids and displacements

7321 2.34113830186791e-005 0.000939063262674639 -0.000290174323814175
11252 2.24602369565477e-005 0.000940419013229567 -0.0002799458448084

14.4 Create Growth History

The Create Growth History dialog, Fig 14.4.1, allows a user to create and edit the SIF history
data. A list of the crack growth steps is provided, and then for each step, the data for each crack
front is given.

The dialog has three menu items: File, Edit and Plot.

The File menu has three options, Fig 14.4.2. Read History invokes the usual File Open dialog

with the .fcg file filter. Append History invokes the usual File Open dialog with the .fcg file
filter. Save History invokes the usual File Save As dialog to save the data to a new .fcg file.
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File Edit Plot
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i LoadCase_0: mult<1 = a-group <T >, active < T >
= CrackFront_1
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Cancel | Save

Figure 14.4.1 Create Growth History dialog.

File Edit Flot
Read History...
Append History

Save History...

Figure 14.4.2 File menu for Create Growth History dialog.

The Edit menu option has one entry. Set Start Condition invokes the File Open dialog with the
fcg filter. The .fcg file should containt the start condition for the SIF history.

The Plot menu option has one entry. Plot Crack Fronts invokes the dialog shown in Fig 14.4.3.
This dialog allows the user to view the front-edges for all crack fronts for all crack growth steps.
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Display

V¥ Markers
IV Vectors
¥ Polygons
IV Text

Speed
rotations
translanons

7\

‘U_ U5 B O o
= e
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Figure 14.4.3 Plot crack fronts dialog from Growth History dialog.

14.5 Export Crack Data

The Export Crack Data menu item invokes the File Save As dialog; it allows one to save the
current crack growth data to a .fcg file (see Section 14.4).

14.6 Read User Extensions

The Read User Extensions menu item allows one to import Python functions into FRANC3D for
use during crack growth. A user can define their own rules for growing a crack with Python
functions. This is more fully described in the Command Language & Python Extensions
reference.

Note that the PATH and PYTHONPATH environment variables will need to be set to have all
the Python capabilities. Python 3.6 and later versions should work.

A dialog is displayed allowing one to choose the Python (.py) file containing the functions, Fig

14.6.1. After selecting the file and clicking Accept, FRANC3D reads the .py file and displays a
list of the “known” functions that were read, Fig 14.6.2.
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Cpen File
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File name: [ File type: [Python Files (*.py,* PY) =

Cancel

Figure 14.6.1 User extensions open file dialog.

Python File Options

User Python File:

IL‘.:1.bruce\ansysk&baqus_base‘.user_python.py

¥ Use the initialization (on_initialize) function

¥ Use the new point (on_new_point) function

¥ Use the kink angle (on_kink_angle) function

[~ Use the cycles growth rate (on_cycl rowth_rate) function

[=| Use the time

wih rate (on_time_ th_rate) function

[T Use the start step (on_start_step) function

[T Use the end step (on_end_step) function

Cancel | Accept |

Figure 14.6.2 User Python extension functions.

See the Command & Python reference for a more complete description of the Python extension.

14.7 Initial Stress File

The Initial Stress File menu item is temporary; it allows one to define initial stress conditions
with ABAQUS. See Section 7.1.6 for a description of the dialog that is displayed.
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14.8 Initial Strain File

The Initial Strain File menu item is temporary; it allows one to define initial strain conditions

with ABAQUS. See Section 7.1.6 for a description of the dialog that is displayed.

149 Plot CFT Stress File

Plot CFT Stress File allows one to contour crack face traction values based on mesh-based stress
input. See Section 7.1.6 for a description of the dialog for entering the mesh-based stress input.

Once the data is imported, the dialog shown in Fig 14.9.1 is displayed. The traction values on
the crack surface, computed from the input stress, are contoured. This dialog is intended to be

used to verify that the stresses are being extracted and applied as expected.
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Display
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€ Z Traction (T )

(reset)
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Save ‘ Read

BRb )
RIC LS

View Options
Recenter
Capture

O[] @y

© e

esh Overlay
W Display Mesh Overlay

[~ Show Mesh Node Id's

Mesh Color: & Black ¢ White
™ ]
I™ show Original Outline
Contour Levels
I™ custom Contour Level Thresholds
ower: [ 841147 |upper 11.6043

Figure 14.9.1 Plot CFT stress dialog.

14.10 Edit Retained Nodes

The Edit Retained Nodes menu item allows one to revise the retained nodes and facets if these
are interfering with crack growth. A crack cannot be inserted/extended into a retained surface.
Use of this dialog, Fig 14.10.1, is described in Section 5.6 of the User’s Guide.
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14.11 Contour Integral Data

J-INTEGRAL ESTIMATES

CRACK CRACKFRONT
NUMBER NODE SET

-10-

-11-

and for ANSYS:

***x* POST1 J-INTEGRAL RESULT LISTING *****

Figure 14.10.1 Edit Retained Nodes dialog.

CONTOURS

1.6162E-02

1.6093E-02

1.6702E-02

1.6102E-02

The Contour Integral Data menu item allows one to import and plot the analysis contour integral
(CI) data. ABAQUS and ANSY'S contour integral data is supported. The ABAQUS .dat file or
the ANSYS .out file can be selected; these files contain the ClI data in the following format for
ABAQUS:
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CrackiD= 1

Crack Front Node = 5656

Contour Values = 0.15010E-01 0.15471E-01 0.15495E-01 0.15504E-01
Contour Values = 0.15512E-01 0.15521E-01

Crack Front Node = 28626

Contour Values = 0.15631E-01 0.16093E-01 0.16144E-01 0.16167E-01
Contour Values = 0.16181E-01 0.16195E-01

The Cl data is displayed in a dialog, Fig 14.11.1. The data can be displayed either Along the
Front or By Ring. The number of contour rings is based on the crack front template mesh. The
default template has one ring of wedges (or collapsed bricks) and two rings of bricks, which
gives three contour rings. For better results, additional rings are usually required.

File Data Axes | |

Display Analysis Load Step I ¥| Sub Step 'I Crack Front I B Crack Growth Step I 'I |

¥ Markers ; T
& Along Front ¢ By Ring Ring [all = Front Position |0.500 =
¥ Vectors : Y o ‘
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™ Mesh 0.017

™ Fronts
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0.015
Save | Read 8

(inlla D)
AL LI |

View options |

Recenter |

- 0.013 |-
Capture |mage|

L C || G
x 0.012
0.0

Figure 14.11.1 Contour Integral Data dialog.
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Appendix A: XY Plot Label Syntax

/I Layout a label like an equation

1

/I Items:

Il |Seq(<iteml><item2>, ... <itemn>) - sequence of items

Il |Sub(<base>,<subscript>) - item with a subscript

Il |Sup(<base>,<superscript>) - item with a superscript

Il |Ss(<base>,<superscript>,<subscript>) - item with a both sub and superscript
Il |Sqrt(<item>) - square root

1l

/I Symbols and Operators:

/I $Eq - equals

/I $Gt - greater than

/I $Lt - lessthan

/I $Ge - equal or greater than

/I $Le -equal or less then

/I $Plus - plus sign

/I $Minus - minus sign

/' $Mult - multiplication sign (cross)
/[ $Div - division sign (bar and two dots)
/Il $Del - partial derivative

/I $About - two wavy lines

/I $alpha - lower case alpha

/I $Alpha - upper case Alpha

/I $beta - lower case beta

/l $Beta - upper case beta

/I $delta - lower case delta

/I $Delta - upper case delta

Il $( - leftparen

/Il '$)  -rightparen

1

/l Render a math equation using a subset of the Latex equation grammar
1

/I Native symbols

I +-=17()[1<>]":
1

Il Escaped symbols

/I \Alpha \alpha

/[ \Beta \beta

/[ \Delta \delta

/I \Eta \eta

/I \Gamma \gamma
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/[ \Sigma \sigma
/[ \Theta \theta

Il \geq

Il \leq

/I \times
Il \div

/I \partial
/I \sim

1l

/I Items:

Il \sum{}
Il \sqrt{}

I \frac{3H{3}
I lines{{H}}

1l

I Other:

/[ " " denotes subscript

/[ """ denotes superscript

1l

/I Approximate Grammar:

1l

Il <equation> := <sequence>

1l

Il <sequence> := <seq_item> | <sequence> <se(_item>
1

Il <seq_item> := <atom> | <group> | <sub_item>

1 <sup_item> | <both_item> | <sum_item>
I <sqrt_item> | <frac_item> | <lines_item>
1

/I <atom> ::= <character> | <symbol> | <digit>
I
Il <group> ::= {<sequence>}

1

/I <modifier> ::= <atom> | <group>
1

/[ <sub_part> ::=_<modifier>

Il <sup_part> ::= "<modifier>

/I <both_part> ::= _<modifier>"<modifier>
1

[/l <sub_item> ::= <eqn_item><sub_part>
/] <sup_item> ::=<eqn_item><sup_part>
Il <both_item> ::= <eqgn_item><both_part>
1

/I <sum_item> ::= \sum <eqn_item> |

I \sum<sub_part> <eqn_item> |
1 \sum<sup_part> <eqn_item> |
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I \sum<both_part> <egn_item>

1

Il <sqrt_item> ::=\sqrt<eqgn_item>

1

Il <frac_item> ::= \frac<group><group>
1

I <lines_item> ::=\lines {<group> <group> ... }
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