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Agenda

0 BAMF Overview
O Major Events

O Updates and Bug Fixes

O BAMF Utilization: From the User Community
» Kaylon Anderson: NTSB, Oddities seen when running BAMF
» Brian Boeke: Upper Longeron BAMF Simulation

» Renan Ribeiro/Mike Hill: Fatigue crack growth testing and modeling of
coupons with quench-induced residual stress

» A-10/Hill Engineering: Re-lifing Ain’t all its Cracked up to be
» Scott Carlson: Analytical Comparisons of Determination Methods

J New Release Features

0 BAMF Future
» Proposed Features and Upgrades
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Proprietary

What is BAMF?

Broad Application Yor Modeling Fallure
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Proprietary

Motivation
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Motivation

Q Conservative assumptions can often result in analyses
that drive “Ground the Fleet” decisions

aQ How do we minimize the assumptions we must make
and increase the accuracy of our analytical
predictions?

Upper Longeron Strap Crack Growth Curve
Original vs. Advanced Method Predictions

1[ Critical Crack Length =4.3x }

—=-QOriginal Analysis
—+-Advanced Method

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Crack Length (inches)

Life Prediction = 2.5x

View Looking Inb’d/Fwd - RHS Life (hours)

Ref: AFGROW Workshop 2010, A-10 Modeling Methods to Support Damage Tolerance Analyses, Fleet Sustainment and Repairs, Pilarczyk, Sedgwick, Stowe.
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Proprietary

BAMF Process Flow

Lappen

FaKield stre

from Stfdssch

Extract stress intensities K.,
each crack in the model
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BAMF Process Flow

KminCN:aappCNGmin+ Krescn g
KmaxCN:aappCNOmax+ KresCN g

Z
Where 0, ma IS the g —> New Crack Lengths
AFGROW spectrum stress —>

1 10 100
AK (ksiVin)

RCN KmmCN /KmaxCN

Extract stress intensities
for each crack number
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Major Events

U BAMF Release 6.0 (February 2019)
O AFGROW 5.3 (March 2019)
O StressCheck 10.5 (June 2019)

0 AFGROW/StressCheck/BAMF Joint Webinar (July 17, 2019)
» ESRD website has webinar highlights and recording

» 30 minute presentation on BAMF, including a model building demo
> https://lwww.esrd.com/resource-library/webinars/3dcrackgrowthsimulation/

U BAMF Release 7.0 (Soon)
0d AFGROW/BAMEF Training Class (ASIP 2019, Dec. 2 13:00-17:00)
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https://www.esrd.com/resource-library/webinars/3dcrackgrowthsimulation/

Version 6.0 Released February 12, 2018
BAMF V6.0 - FEATURES
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Features

d Symmetry on Crack Plane

O Updated Mesh Refinement Capability
0 Automated K-Convergence Checking
U Updated Model Builder

O BAMF Model Debugger

0 AFGROW Failure Criteria Capability

Feature Description
Abort Analysis A button that allows the user to ABORT a run in the middle of the run
Multi-Channel Loading Solve for multiple loading scenarios
Multi-directional material properties Use directional material properties to grow each point
Integration with other FE tools Ansys NX (Fundlng Sources Phase 2 Iandlng gear A- 10)
ol Build : -
K extrapolation
Multi-Crack Auto-Coalescence (MCAC) When crack fronts intersect-automatically coalesce cracks
CrackPlapc-Syrmesrohey CrackPlanc-Syrmeroiey
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Crack Face Symmetry

O Symmetry on a crack plane
» Ultilize built in function BAMF_SymCrack#, where # is the crack number

0 Can have multiple cracks on a symmetry plane

U Sets must define the symmetry boundary condition
» Set should be far away from expected crack growth path

O Capability to include both symmetric crack faces and non-
symmetric crack faces in the same model

StressCheck Model Information n
Model Info ~ Parameters  Rules
Name Description Expression Yalue |Lim o)
BAMF_SymCrackl 0.0000e+000 j
BL_Layersl BL_Layers for Crack 1 2.0000e+000 j‘
BL_Ratial BL_ratio for Crack 1 B.2516e-002 j‘
BL_T01 BL_T0O for Crack 1 27070003 g |
EL_Ttotall EL_TTotal for Crack 1 1.0830e-002 j
C1PX0 1.2033e-001 %
A o 10019~ nn1 =] 2
< >
(hcoet Dot Otoser 02| |
et | Sctings
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Updated K extraction smoothing

1 Updated K smoothing to have a defined meaning

U Default utilizes 4 points to smooth K

Ktol

bl
wn

4

®

g
K
K] 7.5
d User has capability to modify smoothing parameter to |3 ¥
g 7
P y y gp PN 4
. . g
Increase or decrease the number of points used from ™ ’
61
- 0 50 100 150 200
the extraction
Parameter Name Parameter Default Value | Recommendations Parameter Name Parameter Default Value | Recommendations 85 6
Description Description = .
k=S
BAMF_ElementCF | Controls the number | 1.25x number 125-500 BAMF_ElementCF# | Controls the number | 1.25x number 1.25-5.00 Z
of elements along the of points of elements along of points ERER
crack front. Itis a . the crack front. Itis a | ppintscrac Z
multiplication factor | (FoIMsCrack#) multiplication factor | ) H _1‘ '
:TTFL?;'E;E;JQEW :lhual:laurl?;gipeusir:::l: by % 65 : *
this parameter fo get this parameter to get &
number of elements. number of elements. 6 ‘ ‘
0 50 100 150 200
BAMF_Ktol Sets the tolerance 0.004 0.002 - 0.008 BAMF_Ktol# Sets the tolerance 4 4_10 Angle along Crack front
lue for K extracti i
V::_I%D”_r”ng : :*m':” Outputs should value for K exfraction Outputs should
L average appx 4-10 smoothing, i.e. the B
number of extraction - _ . average appx 4-10
i extraction points. number of extraction - .
points averaged to - - exfraction poinis.
lculate the di ! Column lin the points averaged fo Colurn | in the 85
faruate e discrete excel output calculate the discrete excel output = 10
values passed to defines the values passed 1o o outnu £,
AFGROW number of points AFGROW e T s z
averaged to pa £75-
calculate the The value represents averaged to >
output stress the average number calculate the B
intensity of points used in the output stress £ ]
tolerance calculation intensity % 65 *+ -
2 6.
BAMF_Layers g'hlzns the numb-er 2 2-4 BAMF_Layers# Changes the number 2-4 [ .
of layers 0 55 160 1:%0 2[‘)0
P r eVI 0 u S fro U p d at e d Angle along Crack front
N
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Automated K-Convergence Checking

O Capability has been added to periodically check K convergence

d Implemented through StressCheck parameters
» Parameter name: BAMF_Kconverge
» Parameter value: The number of iterations in between convergence checking
» Extracts stress intensities at 1 level above and below the defined p-level

O Utilized in post processing of results

| = | Excel _ O % + 5 BxcelOut3Kconv..  Josh Hodges A
Home Share View - @
ractiony e . - A = % ?Conmt.onawmmamng- 5 ¥
b << ractionV... » cel €a -
< + ML) S | e || e | it | b R EETEES Cells | Editing» 14
N - - < 727 Cell Styles - - -
Name Date modified Styles ~
c
32 ExcelOutlxlsx 8/29/2019 208 PM| || N7 M % v == 13
oy %)
B3] ExcelOutZadsx 8/20/2019 2:11 PM A | 8B | ¢ | b | E | F | & | H | E 2
e 1 |Plevel1 Plevel2 Plevel3 X \2 z Extraction Number -
3] ExcelOut3 KeonvergenceCheck.xlsx 8/29/2019 2:19 PM 2 | 1111617 1174968 11.38319 d4.81E-14 0.030806 -2.6E-17 -17E-33 1 £ 12
@ Excel Qutd.xlsx 8/29/2019 2:23 PM| 3 | 1118179 11.30446 1117758 0.436233 0.030819 0.000235 1.44E-20 2 2
ay 4 | 1121179 11.26442 11.13266 0.872043 0.03083 0.000469 -8.9E-16 3
B3 ExcelOut5xlsx 8/29/2019 2:27 PM| . e
5 | 1141021 115054 112577 1.307373 0.030841 0.000704 4.31E-20 4 e 11
@ ExcelOuth KconvergenceCheck.xlsx 8/29/2019 2:36 PM 6 | 10.96329 11.58517 11.58345 1.742188 0.030851 0.000938 5.75E-20 5 -
7| 1105344 117981 11.86308 2.176479 0.030859 0.001173 -8.9E-16 [ a
B § | 1113741 11.9574 11.95816 2.610254 0.030865 0.001407 8.62E-20 7 []
StressCheck Model Information [~ | — < 10
9 | 11.36775 11.98421 11.89801 3.043547 0.030869 0.001641 1.01E-19 8 Jrasi
Model Info  Parameters  Rules 10| 10.97697 11.80786 11.90318 3.476413 0.03087 0.001875 1.15E-19 9 n
Nams scriptiprassi| Value [Limit| Class |~ 11| 1065773 1163381 11.83124 3.508928 0.030868 0.002109 1.29E-19 10
B Hole SWi2- 750002002 j Genera\ J 12| 1111027 1176246 11.83356 4.341192 0.030863 0.002343 1.43E-19 11 9
BAMF_KCorverge 13| 1117992 1178779 11.81118 4.773325 0.030853 0.002576 1.58E-19 12
3.0000e-002 j General J 14| 11.27327 11.80626 11.78385 5.205469 0.030839 0.00281 1.72E-19 13 Plevel 2 Plevel 3 Plevel 4
2.9881e-002 5| General - | 15[ 1129232 1178934 117393 5.63777 0.030821 0.003043 1.3GE-13 14 S
213720000 = Genaral <1 ¥ 16| 11.32854 1176377 11.71839 6.070311 0.030798 0.003275 2.01E-19 15
2 17| 1155297 11.73864 11.70252 6.503143 0.030772 0.003508 2.15E-19 16
ol 0 20 40 60 80 100
Ao Step | 18| 11,6104 11.6646 117824 6.936294 0.030742 0.00374 2.29E-19 17 |~
’ Crack 1K K_Ce 1 | Crack 1Krs ...
ot - | crack1kapp | K_Convergence rack 1 Krs @ : [ D] Crack angl e
Ready %3 M M o-——a—+
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Excel Model Builder

O Outputs a working file or a parameter file for a BAMF analysis

L Requires user to create nucleation systems for each crack

U Required input parameters
» Number of cracks
» Angle of each crack
» Depth of each crack
» Length of each crack
» # of points defining each crack front

O Instructions included in the Model Creator Excel sheet

d Demonstration!!!
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Model Debugger

U Provides outputs at each point in the BAMF model program flow

O Outputs extensive information on crack points to excel outputs

1 Used to aide BAMF Technical Support in quickly solving model

related issues
O Excel output review

StressCheck Maodel Information

Model Info  Parameters  Rules

MName ascript‘pr9331 Value Limit|  Class Sart
B Hole 1 Sz 7.5000e-002 i General 12|
BAMF_Debug 0.0000e+000 7 General |
C1F=0 3.0000e-002 j General - |
CIFX1 2.9581e-002 < General |
C1F=10 2.1372e-002 i General - |
C1R=11 1.9398=-002 j General - |
CiPx12 1.7634e-002 7 General |
C1F=13 1.5771e-002 i General - |
™1 oA 1 2090~ nno %] T m | I

[ Autto Step: |0-2

I = | LMCX SEM

Home Share View
™ » LMCX SEM
Name

ExtractionValues

ExtractionValues_Contour Method

ExtractionValues_ERS Toolbox
7 2024-T351_051019.kpx
& LM_CX Short Edge.dax
LM_CX_Short_Edge_Mo_RS.scw
LM_CX_Short_Edge No_RSextractl.scp
LM_CX_Short_Edge_Mo_RSOfBSpostOffsetPointsl.scp
LM_CX_Short_Edge_Mo_R50fBSpreOffsetPoints1.scp
LM_CX_Short_Edge_MNo_RSplot.scp
LM_CX_Shart_Edge Mo_RSsolved.scp
LM_CX_Short_Edge_Mo_RSsolvedfinal.scp
LM_CX_Short_Edge Mo_RSstart.scw
LM_CX_Short_Edge Mo_RSStartExtract.scp

14items 1 item selected 13.8 KB

Date modified

8/29/2019 2:53 PM
8/22/2019 3:07 PM
8/29/2019 2:45 PM
5/10/2019 7:35 AM
8/21/2019 4:07 PM
8/29/2019 2:44 PM
8/29/2019 2:56 PM
8/29/2019 2:53 PM
8/29/2019 2:53 PM
8/29/2019 2:56 PM
8/29/2019 2:56 PM
8/29/2019 2:56 PM
8/29/2015 2:54 PM
8/29/2019 2:56 PM

v D

Type

File folder

File folder

File folder

LKPX File

Problem Definition
StressCheck SCW ..
StressCheck SCP file
StressCheck SCP file
StressCheck SCP file
StressCheck SCP file
StressCheck SCP file
StressCheck SCP file
StressCheck SCW ...
StressCheck SCP file

v @
Search LM... 0@

Size

9KB
14KB
219KB
7,660 KB
7,375 KB
7,370KB
7,670 KB
7,660 KB
7,670 KB
222KB
7,713 KB

[E=
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BAMF/AFGROW Failure Criteria

O Version 6.0 utilizes:
» BAMF will stop prediction when all points are above Plain Stress Kc
» User input value when User-Defined “‘Kmax” is selected

d Version 7.0 will utilize:
» No failure criteria when nothing is selected
» Plain Stress Kc when “Kmax” Failure Criteria is selected
» User input value when User-Defined “Kmax” is selected

wit Stop Crack
[ Crack Length
I~ Cycle
aaaaaaaaaaaaaaaa I~ *Kmax" Failure Criteria
v Us ed Kmax'  Value [60
nnnnnnnnnnnnnnnnnnnn [~ "Net Section Yield' Failure Criteria
I™ Part Through Crack Transition
””””””” r~ Numbs ech e repeated
ect eps (| 9999999): ISBB‘JBB
crack growth aft of the spectrum ———
Minimum crack growth: |1e-ﬂ13
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Version 6.0 Released February 12, 2018
BAMF V6.0 - REPORTED BUGS AND ISSUES
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Bug: Units

O Units were added early in the development of 6.0
» Falilure criteria was added later in the 6.0 release
» AFGROW uses base units of m; StressCheck uses base units of mm

d Kiiure Foutine did not account for the mm to m conversion
» Caused failure after first iteration

O Work around uses User-Defined “Kmax” with units of mm~MPa

J BAMF Release 7.0 addresses the issue

Predict Function Prefer x

Materials
= Material List
General - Stop Crack Propagation at
Data Set
I Crack Length

™ Cycle Count

I“E wnn“u PlAc[ nn snMETHI"G ™ ‘Kmax' Failure Criteria
- ¥ User-Defined ‘Kmax' Value:5B5Ed

| — I~ “Net Section Yield Failure Crteria
[ —
—

I™ Part Through Crack Transition

Mumber of times the spectrum will be repeated
— Spectrum Reps (Max: 9999939). |399939
-

Minimum crack growth after one pass of the spectrum ———

SIIIT IAlWAYS DO THAT: IALWAYS i s 5T
o 11 E S MESSIIP SOME MUNDANE DETRIL.

et
swe [ e ‘| ok | Cancel Save Defaut

ok ][ Cancd H Mooy |[ A |[ Dol
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Bug: Multi-Crack Issues

U Bug: Extraction radius for multiple cracks would utilize parameters

for a single crack

>
>

of crack number

Updates were released in version 6.0

Code utilized extraction radius for crack 1 for all cracks
Code was updated so all meshing and extraction parameters were a function

Parameter Name Parameter Default Value | Recommendations Parameter Name Parameter Default Value | Recommendations
Description Description
BAMF_ElementCF | Controls the number | 1.25x% number 1.25-500 BAMF_ElementCF# | Controls the number | 1.25x number 1.25-5.00
of elements along the of points of elements along of points
crack front. Itis a . the crack front. ltis a | pyinéscrac
multiplication factor (PoinisCrack#) multiplication factor ( )
that multiplies the that multiplies the
number of points by number of poinis by
this parameter fo get thiz parameter to get
number of elements. number of elements.
BAMF_Ktol Sets the tolerance 0.004 0.002 — 0.008 BAMF_Ktolg Sets the telerance 4 4-10
value for K extraction walue for K exiraction
smoothing, i.e. the Outputs should othing 1o th Outputs should
. average appx 4-10 smoothing, i.e. the 410
number of extraction extraction points number of extraction average appx 4-
points averaged to - : - extraction pumis.
A Column 1in the points averaged fo Col Lin th
calculate e discrate excel output calculate the discrete olumn Ln the
values passed to excel output
defines the values passed fo
AFGROW her of points AFGROW defines the
numuber o dpc:-ln number of points
:;i[:alagtz thcé The value represents averaged to
output stress the average number calculate the
intensity of points used in the oufput stress
tolerance calculation intensity
BAMF_Layers gfhlz;ng the numb-er 2 2-4 BAMF_Layers# Changes the number 2-4
of layers
Previous iro Updated

N
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Bug: Multi-Crack Issues

U Bug: Small secondary cracks would reduce in size during primary
crack growth

» Small/no growth lengths would cause an error in the re-splinning code
causing AP to reduce in size and flatten out over several iterations

» Code written to utilize proper crack lengths if negative growth flag is tripped
» Updates were released in version 6.0

0 Bug: Graphs are not updated when negative growth flag is tripped

» Plotting of secondary cracks stops working when above bug fixed was
implemented

013
-0.829 -0.828 -0.827 -0.826 -0.825 -0.824 -0.823 -0.822 -0.821 -0.82

E 0015 / — _ = Py
3 o 0.134
§ 0.01 //
- 7 0.135
005 Bl 2 3 s /

0 200 400 600 800 1000 1200 1400
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Other Reported Bugs and Issues

1 BAMF takes an incredibly long time to initialize on USAF network

O Can’t use cracks that are greater than 180 degrees
> In development, planned for 7.0 release

O Incorrect analysis when performing contact and interference

U Default auto-mesh does not appear to work properly

&0

StressCheck Input -
. . Geometry Mesh  Section Prop. Thickness Material Loz *|* |
30 Filled Hole Hoop Stress Response (Tensile) =
oo e e J
0 — | =
30 Filled Hole Hoop Stress et

£ Response (Compressive) - b A
= -60 Pt
n [ Screen:
Y o0
W [ Ratio: 2.0000e-001
T -120 [OosH:  [15000e2001
S \ [MinLen: |250002%002

150 ) Linear behaviour icper: | DOOOO00E000

T . [OTrans: (0000000

-180 - < Hoop Stress Response (Compressive) Ovee B

310 Open Hole Hoop Stress Response (Kt=3)

-240

-80 -70 -60 -50 -40 -30 -20 -10 0 10 20 5 o
Default a
Applied Remote Stress (ksi) Lesoey
——Local Stress for Tensile Loads —— Local Stress for Compressive Loads Data | Index
====-=Linear Stress Response for Comporessive Loads Open hole I ]
. s . | Accept || Replace || Dekete || Delas |

Yan Bombardier, et.al, Prediction of fatigue crack growth at cold

| Mege || Asomesh || Assoc. || Deselect |

expanded fastener holes with ForceMate bushings. AFGROW 2018
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BAMF UTILIZATION CASES
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Recent Examples of BAMF Utilization

O Kaylon Anderson
» NTSB, Oddities seen when running BAMF

O Scott Carlson/Josh Hodges
» Analytical Comparisons of Determination Methods

O Brian Boeke
» Upper Longeron BAMF Simulation

d Renan Ribeiro/Mike Hill

» Fatigue crack growth testing and modeling of coupons with quench-induced
residual stress

4 Joshua Hodges
» “Re-lifing isn’t all its cracked up to be”
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Release September 31, 2019
BAMF RELEASE 7.0 - UPGRADES
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Features

Feature Description
K Fail .
Abort Analysis
Multi-C_hanpeI Loading _ Solve for multlple Ioadlng scenarlos _
Integration with other FE tools Ansys, NX (Funding Sources Phase 2 Iandlng gear, A- 10)
ol Build :
K extrapolation
Multi-Crack Auto-Coalescence (MCAC) When crack fronts mtersec automatlcally coalesce cracks
Crack Plane Symmetry Crack Plane Symmetry
AL ED Mo ene e pro o o he s Lo oo
Incorrect Analysis with Contact Kmax and Kmin may not be linear when contact (neat/interference fit)
. : tical Fail I . : : itical] | hen it should.l
" I : . : : : I I

3-D crack growth

Crack turning, out of plane crack growth

N
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Updated Features

O StressCheck 10.5 Compatibility
» Updated to account for K extraction output differences

0d AFGROW 5.3.4.23 Compatibility
» Updated to include multi-directional functionality
» Updated to be backwards compatible with older versions of 5.3

O Speed Increase of RS models (2 Times Faster!!!)
» Solution times are decreased by 2x for residual stress iterations
» Corresponds to a 40% decrease in solution time

O File Overwrite Warning

MuPMuCBAME >

ExtractionValues Folder exsist, This will overwrite the old analysis

/I/f\\\\ HILL : o
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Multi-Threading

O Previous versions of BAMF
» BAMF userform was not interactable
» Update messages and charts would occasionally freeze
» AFGROW would need to be killed in task manager to stop analysis

O Updated code to allow multiple processes to occur simultaneously
O Allows for incorporation of features to review iterations during

analysis. —
y Updating entity 7900/13705
:m"
.
i
Running lteration: 163
K| 1N -
i ||
i
:
L o bRl T e e B G
i HILL
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Proprietary

Multi-Threading New GUI

New GUI demonstration

B AFGROW -

edict Datal:1]

(3" BI=-RENRd ]

-8 X
Multi-Point MuttiCrack BAMF SR zd 2
[ Bample Problem =
ulti-Point Multi-Crac 85! Broad Application for Modeling Failure -
Multi-Point Multi-Crack BAMF i Broad Application for Modeling Fail o
B Material (Lookup Tabular Data)
3 Stress State
Spectrum £k BAMF
i) No Spectrum Filters fktop' - SC_WebinarExample) _SC_webinar_Cracked2.scw
@ No s Fil ktop\BAMF_SC_WebinarExample\BAMF_SC_webinar_Cracked2
i No Retardation e
[E No K-Solution Filters
[Z No Residual Stresses / >
|
f§ om |
i
£ 0w |
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Proprietary

Multi-Directional Material Properties

O BAMF requirements:

» Definition of material orientations on solid model
O This is based on the local nucleation system of the crack

O If the c-direction is the x-direction on the local nucleation system no value needs to be
defined

» Angle is based on angle used for growth direction.

» Functions for interaction (angles in degrees)

O ISPredictManage.SetCrackDirectionParameter("Crack " & k, "P" & i, "angle",
Mat_Dir_Angle(0, k, 1))
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Multi-Directional Material Properties

O User Can Set BAMF_MDCrackAngle# (® on this slide) if the LT
direction of the material is different from the X axis of the crack

» BAMF_MDCrackAngle# is defined as the angle the crack nucleation system
X axis is above the LT axis of the material
O For each crack point BAMF_MDCrackAngle is added to the crack
growth angle (0) and the result (8+®) is passed to AFGROW
> BAMF modifies the new angle to be between 0 and 90°

0 AFGROW uses the new angle to assign crack growth rates for each
point LS

>,
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Proprietary

Multi-Directiona

| Materia

| Properties

StressCheck Model Information

B | Meteriais

Model Info  Parameters | Rules = Material List -
Material name:  Material
Name Description| Expression Value Limit|  Class Son | A (Earzel
BAMF_Debug 0.00002+000 = General ~| & MZ?H Description: | erisl Description
BAMP_MDCrackAnglel General - | b
C1PHD 5.0000e-002 5 General ~
C1Px1 4.9207e-002 General
C1Px10 7.4799e-004 General ~|
C1PA11 -8.1908e-003 General ~
C1pP<12 -15457e-002 General
C1PX13 -2.23652-002 General ~|
C1PX14 -2.6781e-002 General
CI1PX15 -3.4653e-002 General
CIPX16 -4.0451e-002 General ~|
CIPH17 -4.4380e-002 General ~|
C1P18 -4.7315e-002 General ~|
C1PX19 -4.9207e-002 General =
C1Px2 4.7315e-002 General
C1P<20 -5.0000e-002 - General ~|
C1PX3 4.4380e-002 j General ~
C1PX4 40451e-002 7 General
C1PE 34663e-002 7 General ~|
C1FXA a781e-002 = General ~ s Material properties crack direction dependent Interpolation transition angle:|0
[ Auto Step:
ok || cancel || moay || A [[ oo |[ Read [[ sme [[ Heb |
Materials Materials X
- Material List @ Input values of Delta_K for da/dN values and up to 10 differert Ristress B Material List @ input values of Delta_K for day/dN values and up to 10 differert R(stress ratio) values. Matrée must have at least two R values and two
General da /N values. Input Deta_K for R >= 0, input Kmax for R < 0.0 General da/dN vaites. Input Deka_Kfor R >= 0, input Kmax for R < 0.0
= Ddhsel Name: AL 2024-T351 - Data Set Name: |AL 2024-T351
i C Direction - C Direction
i A Direction - A Direction

Number of da/dn Sets: 27 MNumber of R Sets: |1

da/dN[1]
da/dN[2]
da/dN[3]
da/dNI4]
da/dN[5]
da/dN[6]
da/dN[7]
da/dN[8]
da/dN[g]
da/dN[10]
da/dN[11]
da/dN[12]
da/dN[13]
da/dN[14]
da/dN[15]
da/dlic)

0K

Number of R Sets

MNumber of da/dn Sets: 27

1

Utimate Stength: |86
Young's Modulus: | 10700
da/dN[1]
3ordNE) Cosflicient of Thermal Expansion: |1.2%-005
dafdN[3] Poisson's Ratio: |0.33
da/dNI4] Upper it on da/dN. DADNHI: (0.1
da/dN[S
da:dNEé Lower limit on da/dN, DADNLO: | 1e-009
s
dafdNIT] Plane Stress Fracturs Toughness. KC: |80
dafdN[8] Plane Sirain Fracture Toughness, KIC: |32
:E;:’\’:‘[[;‘:}]] Deta Kthreshold value @R=0: |2.35
s
dafdN[TT] Yield Strength. YLD - |50
da/dN[12] Lower imit on R shit (Max: 01 |-0.2
e dhi ] Upperlimt on R shift (0, 1): 085
dafdN[14]
da/dN[15]
dafdN[16]
oK Deiste || Read || Sae || Heo

© 2019 Hill Engineering, LLC
hill-engineering.com

31



Proprietary

Excel Output

O Excel outputs have been updated to report the Max Kapp from
AFGROW

O This allows for post-processing crack progression plots with K
contours

O Large iteration counts takes a considerable time to plot figures
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BAMF 360

O Previous versions of BAMF only allowed for cracks 180° or less

O Several situations arose where cracks growing through radi or into
T sections required crack geometries greater than 180°

J New feature allows for imbedded cracks or surface cracks
exceeding 180°
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Proprietary

BAMF 360

U Point 1 will remain on the nucleation systems x-axis

U For non-internal cracks the nucleation systems x-axis needs to be:
» Outside the body, or
» On a straight boundary

O Splines in StressCheck need to be created starting from point 1 and
Incrementally selecting points finishing at point 1

O For 360° cracks it is recommended to use 30+ points

O Code is still under development

ChiE® o
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Proprietary

BAMF Interference and Contact

O Traditionally BAMF/AFGROW assumes a linear stress intensity

O AFGROW is implementing capability to provide a table of stress
Intensity solutions and applied stresses

O BAMF will provide the capability to solve for multiple applied
stresses and pass the table of stress intensities to AFGROW

0 AFGROW will utilize this table to interpolate to a “correct” stress

Intensity
Applied Stress ksi 30
25
-10 -1.2 _ 20
0 3.6 Z 15
5 6.7 S
5
10 12.3 0
5
L LEfi -10 0 10 20 30
20 26 Applied Stress (ksi)
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BAMF FUTURE
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Proposed Feature List from Previous Workshop

Feature Description
K Fail .
Abort Analysis
Mult.i-C_:han.neI Loadieg _ Solve for multlple Ioadlng scenarlos _
Integration with other FE tools Ansys, NX (Fundlng Sources Phase 2 Iandlng gear, A 10)
ol Build :
K extrapolation
Multi-Crack Auto-Coalescence (MCAC) When crack fronts mtersct automatlcally coalesce cracks
Crack Plane Symmetry Crack Plane Symmetry
AL ED Mo ene e pro o o he s Lo oo
Analysis with Contact Kmax and Kmin may not be linear when contact (neat/interference fit)
. . itical Fail I . : : itical] | hen it should.l
" I : . : : : I I

3-D crack growth

Crack turning, out of plane crack growth
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Proposed Feature List

Feature Description

Multi-Channel Loading Solve for multiple loading scenarios

Integration with other FE tools Ansys, NX (Funding Sources Phase 2 landing gear, A-10)

K extrapolation Extrapolate K to radius of 0 using two different K extractions
Multi-Crack Auto-Coalescence (MCAC) When crack fronts intersect-automatically coalesce cracks
Filled Hole Analysis capability Kmax and Kmin may not be linear when contact (neat/interference fit)
3-D crack growth Crack turning, out of plane crack growth

K colored plots Implement K colored plots into AFGROW outputs

Restart Analysis Utilizing Extraction folder restart at last analysis point

Pause Analysis for Ul Allows user to pause an analysis to update the start.scw file
Custom Output files Use a customizable .ini file to allow the user to tailor output files
Crack front splitting When the crack front splits into multiple cracks

N
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