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BAMF rebranding

0 Surveyed small sample of users to understand impact of BAMF
brand within their organization
» Users covered both DoD and Industry

» Questions covered impact of BAMF name and logo on:
O Comfort of use in professional environments
O Pros and cons of BAMF name
O Overall feeling of brand

» Results of survey provided beneficial feedback on the path forward

d Comments received:

» ““Modeling Failure’ doesn’t seem to be the best description of what
BAMF does”

> ‘“ltis always good to have a catchy acronym! And “BAMF” is punchy!”

> “| have no issue with the name; however, it's difficult to view the BAMF
logo on a slide without thinking about graphic novels.”

» “l am uncomfortable using the acronym in discussing the software with
upper leadership or outside the crack growth community.”
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Key items important in a name change

O Hill Engineering underwent an extensive rebrand exercise
» Important to maintain history of the BAMF name
» Create a name that provided a better description of the program's capabilities
» Provide a name people would be comfortable using in professional setting
» Design a professional looking logo
» Ensure Josh was comfortable with any change in the name

0 The name is catchy, memorable, and describes program features

» The application can cover a broad range of analysis beyond flat plates and
elliptical cracks

» The application utilizes multiple points to perform the crack growth analysis
» The application is utilized for fatigue crack growth

O When “Googling” the name the user will not be inundated with
potentially offensive content

abc Vocabulary > This language may be offensive to your reader
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Broad Application for Multi-point Fatigue

With complex monocoque airframes
The broad application accentuates multi-point fracture mechanics allow for
BAMpF’s capability to remove the crack evolution lines that evolve naturally
constraints of elliptical
cracks in flat plates

BAMpF utilizes the p-version FEA
software StressCheck which
allows for fast reliable K-solutions

Silent p makes google searches
safe for work but maintains the
catchy phonetic name
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Why did Griffith use glass in his studies?
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Agenda

0 BAMpF Overview
O Major Events
O Updates and Bug Fixes

0 BAMpF Utilization: From the User Community
» Connor Hood: When a single crack becomes two.

U BAMpF Future
» Proposed Features and Upgrades
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What is BAMpF?

Broad Application for Multi-point Fatigue
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BAMpF Process Flow

aAPPcn
FaRField stre
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Extract stress intensities K.g,
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BAMpF Process Flow

Kpni

in CN:aapp CNGmin+ K.

Kmax CN —Qapp CN Omax™

Where 0,,max IS the
AFGROW spectrum stress

RCN Kmm(;N /Km
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—> New Crack Lengths
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Major Events

0 AFGROW/BAMEF joint training course ASIP 2019 (November 2019)
0 BAMF Release 7.0 (February 2020)

d AFGROW 5.3.5.24 (March 2020)

O StressCheck 11.0 (Imminent)

O BAMpF Release 8.0 (January 2021)

S HILL
v \\1 I i i
7. YENGINEERING © 2020 Hill Engineering, LLC

hill-engineering.com

12



BAMF Partner Programs

0 Premier Memberships are designed for organizations that rely on
the robust capability of BAMpF and would like to have the highest
level of technical support

0 Gold Memberships are intended for organizations that are regular
users of BAMpF who expect to use a moderate level of technical
support

O Basic Memberships include a node-locked, single user license for
BAMpF and provides limited technical support

Product Benefits

BENEFIT DESCRIPTION BASIC GOLD PREMIER
Site License (up to 10 users) #
Multiple Licenses (up to 3 Node-Locked Licenses) *
Node-Locked, Single User License *
Exclusive Access to Software Beta Versions *
Exclusive Access to Priority Software Updates #
P HILL
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BAMpF Partner Program

Support Benefits

BENEFIT DESCRIPTION BASIC GOLD PREMIER
Unlimited Priority Technical Support *
Up to 20 Hours Priority Technical Support *
Discount for On-Site Training #
Product Enhancement Priority Inputs *
Invitation to provide keynote at BAMF Users .
Meeting
Invitation to Attend BAMF Users Meeting * #* #
Recognition as a BAMF Premier Supporter *
Price
Basic Package $500
Gold Package $5,000
Premier Package $10,000
M HILL
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Version 7 Released February 20, 2020
BAMpF V7.0 - FEATURES
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Features

O Updating sister programs

O Interactable user-form

O Multi-directional material properties
d BAMpF 360

O Set upgrades!
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Updated Features

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

0 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

MuPMuCBAMF X

ExtractionValues Folder exsist. This will overwrite the old analysis
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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.

Updating entity 7900/13705

8

}

SERENE

4 e 1 2 3 &« s & 1 & s

som wwo  mwo W w0 0 30

P HILL

1 JENGINEERING

© 2020 Hill Engineering, LLC
hill-engineering.com

18



Multi-Threading New GUI

New GUI demonstration!!!
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Multi-Directional Material Properties

0 BAMpF 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, i))

e
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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
> BAMpF 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

o, <
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Multi-Directiona

| Materia

| Properties

StressCheck Model Infarmation Materials X
Parameters
Model Info Ruies E M";”E‘ L‘Iﬁ Materia name: | Materal
Name Description| Expression Value Limit| Class Sort enera N
BAMF_Debug 0.00002+000 = General - & D“;mmm lescrption” | iaterial Description
BAMF_MDCrackAnglel General - | . A Direction
CIPx0 5.0000e-002 3 General -
C1Ex1 4.9207e-002 General
CIEx10 7.4799e-004 General - |
CIFx11 -8.1908e-003 General -
CiFx12 -1.5457e-002 General
CIFR13 -2.2365e-002 General -
CIFR14 -2.6781e-002 General
CIFX16 -3.4553e-002 7| General
CIPX16 -4.0451-002 7| General - |
CIPx17 -44380e-002 7| General - |
CIPx18 -4735e-002 7| General - |
C1Fx19 -4.9207e-002 5 General =
C1P=2 4.7315e-002 General
CIFx20 -5.0000e-002 - General - |
CIFX3 4.4380e-002 j General -
C1PR4 40451e-002 7 General
CIPXE 34663e-002 7 General - |
CIEXR 6781e-002 = General - ] Material properties crack direction dependert Interpolation transtion angle:|0
[ Auto Step:
_out [ Setings | ok |[ ca
ncel || meoy || Awd Dotz || Read |[ Save || Heb
Materials Materials X
B Material List @ Input values of Delta_K for da/dN values and up to 10 different Ristress - Material List @ Input values of Delta_K for da/dN values and up to 10 differart Ristress ratio) values. Matrix must have at least two R values and two
General da/dN values. Input Deta_K for R >=0, input Kmas for R < 0.0 General da/d values. Input Deta_Kfor R = 0, input Kmax for R < 0.0
- DataSet Name: AL 2024351 E-Data Set Name: |AL 2024-T351
- C Direction e - C Direction e
A Direction Number of dadn Sets: 27 Humber of R Sets: 1 -Gl Mumber of da/dn Sets: 27 Number of R Sets
Ukimate Strength: |85
Young's Modulus: | 10700
da/dN[1] da/dN[1] 250005
3araN2) 3ardNz) Coefficiert of Thermal Expansion:
da/dN[3] da/dN[3] Poisson's Ratio: 0.3
da/dN[4] da/dNI4] Upperimit on da/dN, DADNHI: 0.1
£ e D] Lowerimt on da/dN, DADNLO:  1e-009
da/dN[6] da/dN[E]
da/dNIT] da/dNIT] Plane Siress Fracture Toughness. KC: |80
da/dN[8] da/dN[3] Plane Sirain Fracture Toughness, KIC: |32
dad A9} o] Dekta K threshold value @R=0: 295
da/dN[10] da/dN[10]
da/dN[11] da/dN[11] ield Strength, YLD : |50
da/dN[12] da/dN[12] Lowerlimit on R shift (Max: 0): 0.2
oy dN[13] R THEY Upper limt on Rshift (0, 1): [0.85
da/dN[14] da/dN[14]
da/dN[15] da/dN[15]
da/dN[16] da/dN[16]
oK oK Dete || Read || Sae || e
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BAMpF 360

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

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

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

74 HILL
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BAMpF 360

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

O 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
iIncrementally selecting points finishing at point 1

O For 360° cracks it is recommended to use 30+ points
O Code is still under development

GhiE® o
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Setsl!

O StressCheck updated features in their Parasolid that made tracking
of surface features easier

O Initial testing showed great promise for BAMpF being able to utilize
selection sets

0 Code was written to require the user to use selection sets for
CrackFace# and CrackFront# sets if SC 10.5 was detected

0 The “Holy Grail” was achieved, the largest contributor to BAMpF
crashes was fixed!

StressCheck Input n e —

p-Discretization  h-Discretization Tables Sets Parts DI‘ 4 ‘[
| Select v[ayCuve | Selection vl .
_',_,%*
Set D Type = /
ol

| CRACKEFRONT1 . CurveSet ~ ‘

ID: CRACKFRONT?
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Version 7.0 Released February 20, 2020
BAMpF V7.0 - REPORTED BUGS AND ISSUES
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Bug: Sets!

O Bug: Selection sets cause failure of part when transitioning through
geometries such as through thickness transitions

>

YV V VYV V

A\

Failure of selection set causes betas to be 0 and no growth stopping analysis
New selection set feature in StressCheck was supposed to be “Holy Grail”
Initial testing showed promise and feature was rolled out in BAMpF 7.0
Subsequent testing showed significant issues with these selection sets

Code has been written to allow for selection sets by utilizing
BAMF Locate=1

It is recommended by BAMpF technical support to continue to use “locate”
sets

> Issues are in work with StressCheck
P HILL o
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Bug: Premature Analysis Stopping

&\
4

O Bug: Analysis stops for no apparent reason after the first iteration
» Updated code for speed increase utilized re-writing of excel files

» When extraction values folder does not exist code will stop analysis after
extractions of SIF’s

BAMpF GUI looks correct, and AFGROW receives alphas but BAMpF’s stop
analysis flag is triggered

Workaround: Close AFGROW and restart analysis, extractionvalues folder
has been created at this point and analysis will not stop during the next run

» Bug has been patched for next release
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e
Bug: Launching AFGROW while BAMpF is Running

d Bug: If AFGROW is launched through double clicking an analysis
file BAMpF will freeze on the next iteration

» Extremely frustrating when running an analysis in the background
» Work around, launch AFGROW through the task bar

W23_4 6ksi_Trun_MB_Boeing Only_co...

WCT-12 Baseline Fatigue.dax

WCT-12_11_2ksi_Trun_MB_Seq V2 _cou...

AFGROW
Pin to taskbar

Close all windows

o w
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Bug: Boundary Layer Refinement

O Bug: Boundary layer refinement for thru cracks becomes very large
and provides poor stress intensity extractions

> In StressCheck10.5 updates to mesh sim boundary layer set parameters
causes BAMpF’s internal mesh parameters to be poor

» Boundary layer refinements become large and un useable

» A patch has been released that utilizes the thickness of the part for through
cracks to define the boundary layer. This work around produces small
meshes for these scenarios and needs to be investigate farther
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Bug: Drastic Speed Decrease in Analysis

0 Bug: BAMpF was showing a significant decrease in solve time for
models that were later in the solution

» Reduced meshing should have shown decrease in overall iteration time
» Debugging showed a significant increase in time it took to write data to excel

» Investigation into issues showed the code was “the worst possible way you
could possibly write to excel”

» Updated code has been pushed and appends data to previous excel file so
rewriting data is not necessary

300 200
—=—Time to open model

——Time to open model
—+—Time to mesh model 180

250 —+—Time to solve model
Time to extract data
——Time to write data 140

——Time to mesh model

——Time to solve model

Time to extract data
200

—=—Time to write data

150

Time (s)

100

50

0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Iteration number Iteration number
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Bug: Analysis runs, but plots are not provided

O Bug: Excel is not providing outputs, or plots to the userform.
However, the analysis is progressing
» | haven't the foggiest idea how this is possible
> In the code it seems like any issue with excel not saving, or crashing would
cause the analysis to stop...
» Yet, somehow this is occurring, and we are still trying to figure it out

o Broad Apphcation for Modelng Fadure W Dacad Apphcation 1o Modeling Fadere

Extracting SIF for run=1, point = 116

Running Iteration: 2 Running Iteration: 6

4] e — 4l
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BAMpF UTILIZATION CASES
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Recent Examples of BAMpF Utilization

d Connor Hood

» When a Single Crack Becomes Two: Modeling Through Crack Transition
Using BAMpF

O Dr. Kevin Walker
» Update: Laser Cladding modeling work utilizing BAMF

0 Robert Pilarczyk
» The crack wants what it wants (presented September 14)

 Dr. Dallen Andrew, PhD

» Residual stress characterization for cold expansion utilizing spatial statistics:
The SpARS methodology (ERSI Analysis Methods and Testing Committee 3
Sept, 2020)
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Release January 2021

BAMpF RELEASE 8.0 - UPGRADES
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BAMpF API

O BAMpF is undergoing an architectural change to allow for utilization
with different finite element programs as well as lifing programs

0 An API is being built allowing the user to utilize features in BAMpF
to write their own code accessing specific BAMpF features,
StressCheck subroutines, or AFGROW features that are related to

BAMpF

O Creation of API will also clean up BAMpF code creating a faster and
far more stable BAMpF experience

O API will be written for StressCheck 10.5 and newer and will not be
supportable for previous versions of StressCheck
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BAMpF K, y-array

0 AFGROW traditionally uses a K/o for plug-in
» Assumes K is linear with o
» Assumes K=0 at no applied loads

[ Stress Intensities at Interference fit fasters and neat fist fasteners
do not satisfy these assumptions

O Capability has been added to AFGROW plug-in and BAMpF to
account for these differences

» Rather than passing K/o for each point an array is passed to AFGROW
which can account for non-linear stress intensities over the entire spectrum

» AFGROW will interpolate to get K., and K, for growth calculations

Applied K .
Load (ksi) (ksi-\in) -

StressCheck Model Infermation n

= Model Info  Parameters  Rules )

) 15 Name Descri ption Expression | Walue |L\m|t| Class "‘ 1
'248 848 F BAMF_KigtalArray 2 2.0000e+00 ~ | General -| |

g 10 Stressi 279002403 1| General - |

£ Stress? 2.7900e+04 ;- General ~| v
0 9.6 e  ———————————— >

"o [Accept | [Delete | [ Auto Step: [02 |
19.8 19.3 e

7 HILL
4 N : N
7. YENGINEERING © 2020 Hill Engineering, LLC o

hill-engineering.com



BAMpF K,y -array flow chart

1 Models are complex and can
Include contact ERSI RR 2
models can take

YV V VYV V

>

88 growth steps

2 solutions per step

15 contact iterations per solution
~2500 solutions total

60 hours of run time

0 For ERSI RR2 only 2 stress
levels are needed since the
spectrum is constant
amplitude with R=0.1

Extract Stress Extract Stress
Intensities K.m‘n

Intensities K
max

l

Kmin-c=K1 + (Opminc-01) (K — K1)/ (02-04)
Kmax-c=Ki + (Onax.c-01) (K2 — K1) /(02-04)

Where Gnin.c/max.c 15 the AFGROW
peak valley for the current cycle
and Kqin.c/maxc 15 the interpolated
K’s for the current cycle

Ren= Kmin—c ' Kmax—c

—

da/dN (inch/cycle)

New Crack Lengths

Total Cycles

10 100

AK (ksivin)
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AFGROW Residual Stress Calculations

O Testing the Ktotal-Array method with ERSI RR 1; Condition 2

» If method is implemented correctly it should produce identical results to
current superposition method used in AFGROW/BAMpF

» Unfortunately, there were differences

0.35

0.2

Crack Length

0.3

0.25

—— Surface Length Superposition

—#— Depth Length Superposition

—— Surface Ktotal Array

Depth Ktotal Array

T T T
80000 100000 120000

T 1
140000 160000
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AFGROW Residual Stress Calculations

A Differences in lives related to different K calculation methods
superposiion AFGROW utilized a constant Beta between recalculations
O Willincrease K,p,ieq Until @ new beta is calculated at a rate of :f.—z—jﬂF
0 Only K,ppieq iINreases, K,s remain constant
» For K, array AFGROW utilized a constant K between recalculations
O AFGROW updates each Ktotal in the array by f—,E:j=CF

> ForK

» AFGROW is working on fixing the constant K . for K

5.85

5.80

5.75

5.70

5.65

5.60

Total Stress Intensity Kmax(AK)

5.55

5.50

5.45

V4

—e—Ksuperposition -e—Karray |

0.0228 0.023 0.0232 0.0234 0.0236 0.0238 0.024 0.0242 0.0244 0.0246 0.0248

Surface Crack Length

superposition

Total Stress Intensity K/K first iteration

5.850

5.800

——Kmax for Karray
——Kmax corrected for Karray
—=—Kmax for Ksuperposition
Kmax with KRScorrected for Ksuperposition
——Karray Updated

5.750

5.700

5.650

5.600

5.550

5.500

5.450
0.0225

0.023 0.0235 0.024 0.0245 0.025 0.0255
Surface Crack Length
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BAMpF Surface Corrections

d

d

d

Utilizing marker band and fatigue test data determine what is
necessary to match multi-point crack growth analysis to test data

A 20°interpolation angle with a correction factor that appears to be
based a function of plane strain and plane stress fracture

toughness

Corrections are made to the extracted K’s from StressCheck

Correction Factor

1.2

0.8

0.6

0.4

0.2

Stress Intensity

0.65 CF 20° angle

T T
20 40 60

Angle along Crack front

18000

16000

14000

12000 4

10000

8000
L

| 0.65 CF 20° angle

Angle along Crack front

6000

4000

2000

0

T
80
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BAMpF Surface Corrections

O Corrections for through thickness have not been implemented
» Unclear how to approach this due to nature of BAMpF

0 Understanding of what these corrections physically represent are
on-going and were discussed earlier in the conference

StressCheck Model Information

Model Info  Parameters  Rules

Mame Descriptian Expression Yalue Limit| Class sort
MaxAngle 2.0000e+01 General =
BAME_CEP_Factorl SurfaceCorrectionFactor B.5000=-01 i General -

SPCFEquation( Pointangle » MaxAangle ; SurfaceCorrectionFactor

(1 - SurfaceCorrectionFactor) / MaxAngle} * PoimtAngle + SurfaceCorrectlonrFactor
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BAMpF Surface Corrections

Case 1l
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Retardation and BAMpF

0 When utilizing BAMpF with retardation if points are not evenly
spaced issues can occur with crack growth.

O Every iteration points are respaced and updated in AFGROW
» This causes issues with retardation as the retardation state is not updated

» If the new crack length becomes less than the previous crack length

O occurs when transition through geometry or on the 15t iteration if points are not
spaced evenly

O It will lead to effective stress ratios that are greater than 1 causing no growth

0 AFGROW is working to pass yield-zone sizes to BAMpF through

plug-in
» This will allow for BAMpF to interpolate the yield-zone size along with the
new crack lengths ensuring smooth respacing

» This will also allow for restarting of a BAMpF run seamlessly without loosing
the retardation state
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BAMpF Hidden Feature Parameters-Crack Features

0 BAMF_ElementCF#. Changes the default number of elements along
the crack face. Default is 1.25x # of points

O BAMF _Ktol#:Defines the number of points to use in the K tolerance
smoothing algorithm. Default is 4.

O BAMF Layers#:Allows the user to change the number of layers the
boundary layer refinment uses. Default is 2

0 BAMF _Kconverge: Allows BAMpF to solve 1 solution above and 1
below the set p-level. The value the

O BAMF_SymcCrack#: Allows the user to define that a crack surface is
a symmetry face

O BAMF_MDCrackAngle#: Input value that allows for multi-directional
crack growth. It will
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BAMpF Hidden Feature Parameters-New Features

0 BAMF_CSP_Angle#: Allows the user to correct the surface points.
Currently the correction will go to the input angle linear interpolated
from the surface by the input correction factor.

O BAMF_CSP_Factor#: Allows the user to correct the surface points.
Currently the correction will be maximum correction at the surface
linear interpolated to the input angle

O BAMF _KtotalArray: Triggers BAMpF to solve multiple solutions for
the Ktotal array approach, value is set to the number solutions to be
solved
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BAMpF Hidden Feature Parameters-Debugqging

0 BAMF_Debug: Triggers BAMpF to enter Debug mode. This provides
data that can be given to BAMpF technical support to aide

O BAMF Locate: Allows the user to use selection sets if desired (it
shouldn’t be desired)

0 BAMF_SaveSCP: Saves a solved .scp file for each iteration. Good
for models that take a long time to run and reviewing individual
models is desired

U BAMF_Respline: Triggers BAMpF to not enter the re-spline routine,
this aides in debugging issues to determine where the model is
failing

0 BAMF_Visible: Allows the user to visualize StressCheck while
BAMpF is operating
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BAMpF FUTURE
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Proposed Feature List from Previous Workshop

Feature

Multi-Channel Loading
Integration with other FE tools
K extrapolation

Multi-Crack Auto-Coalescence

llod Hol s il

3-D crack growth
K colored plots

Restart Analysis
Pause Analysis for Ul
Custom Output files
Crack front splitting

Description

Solve for multiple loading scenarios

Ansys, NX (Funding Sources Phase 2 landing gear, A-10)

Extrapolate K to radius of 0 using two different K extractions

(MCAC) When crack fronts intersect-automatically coalesce cracks
I : beli I ; ; : i

Crack turning, out of plane crack growth

Implementiceolored-plotsinto-AFGROW-eutputs

Utilizing Extraction folder restart at last analysis point

Allows user to pause an analysis to update the start.scw file

Use a customizable .ini file to allow the user to tailor output files

When the crack front splits into multiple cracks
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Proposed Feature List

Feature

Multi-Channel Loading
Integration with other FE tools
K extrapolation

Multi-Crack Auto-Coalescence

lled Hol s il

3-D crack growth
K colored plots

Restart Analysis
Pause Analysis for Ul
Custom Output files
Crack front splitting

Description

Solve for multiple loading scenarios

Ansys, NX (Funding Sources Phase 2 landing gear, A-10)

Extrapolate K to radius of 0 using two different K extractions

(MCAC) When crack fronts intersect-automatically coalesce cracks
I : beli I ; ; : i

Crack turning, out of plane crack growth

Implementiceolored-plotsinto-AFGROW-eutputs

Utilizing Extraction folder restart at last analysis point

Allows user to pause an analysis to update the start.scw file

Use a customizable .ini file to allow the user to tailor output files

When the crack front splits into multiple cracks
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