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What iIs ‘StressCheck?
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¢ StressCheck is an advanced FEA software tool developed by ESRD, Inc.
of St. Louis, MO

A Current Version: 9.2
A Primary Customers: Major Aircraft OEMs and Defense/Armed Forces
¢c StressCheckc¢i svgelrasseodngdonct heci p

A DOF increased by increasing polynomial order of elements instead of
adding midside nodes or refining the mesh

A Hierarchic nature of solutions allows for V&V and quality assurance
A Verification: Solving the equations right (convergence)
A Validation: Solving the right equations (experimental observations)
¢ Primary applications of StressCheck:
High-fidelity stress analysis
Detailed fracture mechanics extractions/crack analysis
Multi-body contact analysis
Plasticity analysis
Composite material analysis
Development of advanced engineering applications (i.e. SFAT)
Combinations of the above
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StressCheck and Fracture
Mechanics
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¢ StressCheck contains

many advanced features

which aid the DTA

analyst in fracture

mechanics studies,

Including:

A 3D Crack Insertion and

Advanced Automeshing

A Extraction of robust Stre: o,
Intensity Factors and
Separated Energy Relezg ©
Rates (SERR)

A 2D Crack Path Analysis

Run #




What i1s a.COM API?
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¢ Component Object Model (COM)
A Formal Definition (Wiki)

A A binary-interface standard for software componentry introduced by Microsoft
in 1993.

A ltis usedto enable interprocess communication and dynamic object
creation in a large range of programming languages.

A Itis a platform for the realization of ObjectOriented Development and
Deployment.
¢ Application Programming Interface (API)
A Formal Definition (Wiki)

A An interface in computer science that defines the ways by which an
application program may request services from libraries and/or operating
systems.

A An API determines the vocabulary and calling conventions the
programmer should employ to use the services

A It may include specifications for routines, data structures, object classes
and protocols usedto communicate between the requesting software
and the library



StressCheck:and COM
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c The StressCheck COM API allows users access to all of the
objects, methods and properties found within the
StressCheck GUI

A You may build, solve and extract information as you would
Interactively
¢ The major benefit is that the COM API allows for external
applications to communicate with StressCheck, and vice
versa
A Visual Basic/Visual Studio
A Excel
A MATLAB
A Python
A AFGROW
A Any other COMenabled utility/language

¢ This means automation and scripting is possible!



StressCheck:and AFGROW 0'/
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¢ Since StressCheck and AFGROW are C&OM a b | e di, cd gorhaudyu
can be written to perform advanced/custom computations in the event
that existing solutions are unavailable or inappropriate for the analysis

A StressCheck/AFGROW Pltigs allow StressCheck FEA$06lutions to be
computed and passed directly to AFGROW for life prediction

¢ Plug-in development typically requires Microsoft Visual Studio 2008 (or
equivalent) and .NET Framework, in addition to AFGROW and
StressCheck

A VB.NET or C# recommended

APlugi nscarecconfiguredctocappeModehs.
modifying afgrow.exe.config file
A Plug-in is typically installed with simple setup kit

¢ Consult with LexTech, Inc. for additional details



Data Flow ffora Typical
StressCheck/AFGROW Pltig
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Scenario 1: AFGROW Imports Beta Table from StressCheck

o 2 ® (W

AFGROW—>/Start StressCheck|—»|Open/Build Model —»| _ Change

V’\ Parameters
Close StressCheck +— Extract C vs. s +— Solve Crack

Trajectories
#@ Define @

Import Bs—>»| Materials [—>Compute N for a;_,
Spectrum lterate 5 — 8 until ag,,

or Ny, reached




Data Flow

StressCheck/AFGROW Pltig

for aTypical
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Scenario 2: AFGROW Increments Crack Interacting with StressCheck

(2)

StressCheck: Builds/Modifies
Model and Solves for K(a,)

0

o

()

AFGROW calls
StressCheck, a,= a1,

AFGROW: i = i+1
a=Aa+a,

Done

AFGROW: Compute Aa
(using AK(a;), AN and
spectrum)

AFGROW: Has
Afina OF N
been reached?



Case Study: Cracked L.ug with
Loaded Pin

c Problem Definition :

A Planar (constant thickness) lug with_
applied fastener loading

A Lug bore is propped with neat,
clearance or interference fit fastene  se xk s g o corespondingicon

A Crack is to initiate along lug bore [ ———— |
A All relevant inputs to be parametric

¢ Goal:

A To determine the location of the
maximum first principal stress in the
lug bore, initiate a crack at that
location, and propogate crack until EE s | |
user-defined failure

¢ Utilizes Scenario 2 (i.e. Interactive
computation)

STRESSCHECK




Case Study: Cracked Lug with-L.oaded Pin
Process Outline

0(

STRESSCHECK

¢ Step 1: Define parametric StressCheck Handbook models, and
ensure these models are valid for a wide range of inputs
A These models will be read into the plugin during run-time

A In this case, 2 Handbook models were defined:
A Hand-mesh pristine version (no crack)
AT Cr-aekhdy d ¢ AF GR OWautaeneshdd byrStressCloeckh e ¢
¢ Step 2: Using Visual Studio 2008 or 2010, create a new solution
and add a VB .NET project
A Make sure a reference to StressCheck DLL library is added to the
VB project
¢ Step 3: Add a VB class to the project, ensure the class is given an
appr opProgd ec i
ATh®opdDdcwil |l chel p¢c AFGROWeiushatlld r s t

be called, and should also be listed in thafgrow.exe.configfile
iIncluded with the installation package



Case Study: Cracked Lug with-L.oaded Pin
Process Oultline (cont.)
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¢ Step 4: Implement the AfgrowBetaPlugin library in the
VB class

A Relevant properties/subroutines will automatically be
generated when implementing AfgrowBetaPlugin

A Instructions to tell AFGROW which parameters can be passed to
StressCheck, how events are handled, etc.

A Not all functions/subroutines are necessary, as we will find

¢ Step 5: Define a VB class for cracks in the VB project

A This class will be used for defining AFGROW cracks in the
plug-in VB class

¢ Step 6: Define parameters for plugn class, and
populate the AfgrowBetaPlugin functions/subroutines
A Parameters will be exposed through AFGROW GUI



Case Study: Cracked Lug with-L.oaded Pin
Process Oultline (cont.)
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¢ Step 7. Create a new AFGROW crack using
Afgrow.AfgrowPredictManage

A Manages current cracks in AFGROW model

¢ Step 8: Define local variables for plugn class
Inputs/outputs and set default parameter values

¢ Step 9: Import the StressCheck library and define
local StressCheck variables

¢ Step 10: Incorporate StressCheck COM API
functions to drive crack embedding and solution



Case Study: Cracked Lug with-L.oaded Pin
Process Outline (cont.)
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cStepcll: cExtractc¢cSIl F

¢ Step 12: Compute next crack increment In
AFGROW



Case Study: Cracked Lug with-L.oaded Pin
Step 1:Handbook:Model Design
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¢ Model 1: pristine model (no crack) for computation of max
S1 location

A bulkhead_lug_handmesh.sci

@) @] [ StressCheck Model Information K|
9 Model Info ~ Parameters | Rules I
MNarme Description |Expressi0n| Walue Limit| Class Sort
g HHeight 1.2000e+001 2 General - |1a
@ W Width 6.0000e+000 General -|1hb
Fastener Ffillet  Blend radius 2.0000e+000 ? General -|1c
Rao Cuter radius 4.0000e+000 General = |1d
8 Ri Inner hore radius 1.5000e+000 2 General - | 1e
E I em e nt x1 Location of outer radius centar W+Rfillat §.0000e+000 E General : 1
xe Laocation of inner radius center X1 3.0000e+000 General =|1g
Y2 Location of inner radius center R 4.0000e+000 2 General - |1h
ol thi Thickness 2.0000e+000 i General = | 1i
a Crack length 25000e-001 7 General -|2a
cang  Crack angle 1.8000e+002 i General = |2Zb
Frnag Bearing load magnitude 1.0000e+003 2| General - | 3a
Fang  Bearing load angle 1.0000e+001 General - | 3b
8 Int Fastener interference 0.0000e+000 7 General -|3c
L Em Elastic modulus (lug) 1.0000e+007 2 Genaral - | 4a
x . W Poisson's ratio 3.3000e-001 i General - | 4hb
Em_pin Elastic modulus (pin) 3.0000e+007 7 General -|4c
& v_pin Poisson's ratio (pin) 2.9000e-001 2 General = | 4d
d
Delelel [~ Auto Step'lﬁ
Input ISEtlings File:
d

L_.x Handmesh w/ h-Discretization



Case Study: Cracked L.ug with-L.oaded Pin
Step 1 (cont.)Handbook:Model Design
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¢ Model 2: AFGROW ready model (no crack) for computation

of ¢cSI Fos

A bulkhead lug_afgrow_ready.sci

A Most of model generated by plug-in

Crack embedded
during solution




Step 2. Start-a:new solution:and'define a
VBINET'Windows Forms:Project
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oo oo
Froject types: Templates: I-NET Framework 3.5 j 88 oo
(=) Wisual Basic || ¥isual Studio installed templates =
- Windows
- Web —Vg EE]
< [~
- Smark Device _; @ - H LE)
G- Office Windows Class Library YWRF WPF Browser Console
- Database Forms &, .. Application Application Application
- Repaorting _
-~ Test 'juﬂ Vg &V | Ve vﬂ|
~WCF ! — < IET
- WarkFlow Empky Project Windows WPF Custom WPF User Windows
- Windaws Tnskaller %ML Service Control Library Control Library Forms Cont...
[#- Inkel{R) Fortran |
[#- Other Languages e My Templates
= O_I:her Projeck Types
- Setup and Deployment
----- Natahaze ;I ;I

& project For creating an application with a Windows user interface (NET Framework 3.5)

Mame: I CrackedLugProj

Location: I Ci\Program Files (x3alaFaRowStressCheckiCrackedLugaCBEZ011 j Browse. .. |




= & E &

J Solution 'CrackedLug’ (2 projects)

_@ CrackedLuaProi

- L Afgrow Build

Rebwild

Clean

Project Dependencies. ..

Project Build Order...

#dd r

add Web Reference...

‘j%, Wiew Class Diagram
Set as Startlp Project
Debug 3

coomnst :
erencect

STRESSC

C

HECK

2 x|
JMET - COM | Projects I Bromse I Recent I
Component Mame - I Twpelib ver. .. | Path ﬂ
Srtsp3zLlib 1.0 Type Library ) C:\Program Files (x&6)\Common FilesSymantec SharediSRTSPLSrE
stcd4control 1.0 Type Library . C:\Program Files (x86)\Common FilesiSureThing Sharedistcd3cont
STClient 1.0 Type Library . CH W IMDOWS, Sy e stclient, dll
stllsswr 1.0 Type Library . Ci\Program Files (x88),Comman Files\SureThing Shared\stllssvr . ex
StressCheck Appllcatlon .0 Ob]ect o] '|,Pr0gram Files xSIS SRD'l,StressCheckg'l,stresscheck ]
k. ch
Stresscheck Toal Box Application Li... 1.0 C '|,Program Files (x86\ESRDYSkressCheck Tool Box 1.0VStressChe
STSUpld 1.0 Type Library 1.0 3\ PROGR A ZYMICR OS2\ CFfice 1 215 TSUPLD, DLL
System 2.0 CWINDOW S\ Microsaft MET\Frameaworkivz, 0,507 271 5ystem. Hb
Syskem Monitar Conkrol 3.6 CHWINDOWS system32\sysmon, ocx
Swstem, Drawing.dll 2.0 CW TMDOW S\ Microsoft, MET\Frameworklvz, 0,507 27 Syskem, Dray
Swstem_EnterpriseServices 2.0 C A TMDOW S Microsoft, ME T\ Frameworklwz . 0,507 27 Syskem. Ente
Swstem_w'eb 2.0 C W TMDOW S Microsoft, ME T\ Frameworkad w2, 0,507 27 System. W
System_windows_Forms 2.0 CiWINDOW S\ Microsoft, MET|Framework)w2. 0,507 27 System. Win
Tabular Data Control 1.1 Type Library 1.1 CiWINDOWS system32\tde. ocx -
TARTA Tl RA a4 AT 4 M EaP N RN LN T WV N R T W W X N N P | N Sy ||
J I _*I_I

[EOK I Cancel |

Note: This library will be imported to the plug-
i n class as fnNAStressChe:
StressCheck Black Box (SCBB) functions




Step 3:/Add-a‘New/ VB Class and
sce b ProgiDd ic cacanfigcfile

1::) Afgro

Existing Ikem...
New Folder
‘Windows Form...
User Control...
Component, .,

#]| Module..,

; Solution 'CrackedLug' (2 projects)
3 Crackedtuonacs

Class...

¥ Buld
Rebuild
Clzan
Project Dependencies. .,
Project Build Crder, .,
Add
Add Reference. ..
Add web Reference..,
& Wiew Class Diagram
Set as StartUp Project

Debug

53
'=

b Cut

Add Solution ta Source Contral...,

»
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Add New Item - CrackedLugPraj 21|
Categories: Templates: |g S :
1= Common Items visual Studio installed templates = ]J: = —J
- Code
1 - Data jm Ve j %] Yo '] “j
- General == &
i Web About Box Class  ClassDiagram  CodeFile  COM Class
- Windows Forms
i+ Reporting
- Workflow éﬂ ={ =
weF 3 ﬁ == Hi |
Component  Custom Dataget Dialog  Explorer Form 0
Class Control b s
2
e S | = N P .
= .
Interface  Jscript File Local Lacal Lagin Form
Datahase Datab. . =
n empty class definition
Mame: StressCheckCrackedLugtlasshvh

CrackedLugProj
=a| My Project
i afgrow.exe.config

18] Crack.vhb - i
= Formt b Plug-in VB project

18] stressCheckCrackedlugClass.vb
\

Plug-in VB class

Name

63

&l

t he

ﬂE}<System.Runtime.InternpServices.PrngId

Cl as s

and

As s
NnStressCheckCrackedLug. StressCheckCrac

gn AProgl Do (i n

Kk

["StressCheckCrackedlLuy. 3tressCheckCrackedlugClass™)

Fubhlic Class StressCheckCrackedLugClass

Afgrow.exe.config
contents

k?xml version="1.0" encoding="utf-g" 2=

]<oonfigurations
] <appliettings>

<add key="Application Name'™ wvalus="Myipplication™ />

- </fapplettingss

] <Ccustom.Settingss>

] plucin

<pluginr3tressCheckCrackedLug. 3tressCheckCrackedLugslass</ plugin: *

N .
- O TIT

- <fcustom.settingss

-<¢/fconfiguration>




Step 4:/Implementing the

AfgrowBetaPlugin library in the VBclass

STRESSCHECK

[ <8ystem.RBuntinme. InteropServices.Progld ("3tressCheckirackedlugy. 2tressCheckirackedlugClass") > Public Class StressCheckCrackedLugClass|
Implements Afgrow. AfgrowBetaPlugin
[+ |Public Property bhiolverVisible .. |
3| |Public Function CountParameters .. |
= |Public Function GetDescription . |
[+ |Public Function GetDoubleParsmmeterDefaultValues
3| |Public Function GetDoubleParameterValue .. |
T+ |Pu.blic Function GetEnunmParameterDefaultValue .. |
| |Pu.blic Function GetEnumParswneterlist .. |
| |Public Function GetEnumParasmeterValue .. |
- - - TG
[ |Publ:|.c Function GetModelPicture | - - -
T |Pul:ulln: Function GetWersion .. |
| |Public Function Getlarme =1}
g1 Public Sub PredictEvent ...
e |Public Function GetParameterDescription .. | 54
o [Fublic Function GerParameterList .. .| S5 |Pul:|lic Function SetDoubleParameterValue .. |
38
Fublic F ti GetP terM - : :
A | 16 Funcbion DELTALAMSLErians | =i=H| |Pul:ulln: Function SetEnumParameterValues .. |
e |Public Function GetParameterType .. | 9z
93 Public Sub SetPredictManageInt ...
[ |Public Function GetSolverVersion .. | ag
3| |Public Function GetStatusBarEventText .. | E Ed |P1.Jl]lll3 Hub EE‘EE]JECIIHEHDIE.WIH‘E - |
100: “End Class
T+ |Pu.blic Function GetTransitionOrFracture .. |




Step 5:'Define VB class for cracks

project

Add New Item - CrackedLugProj

21

Categories: Templates:
=] C::ummon Items Yisual Studio installed templates -
- Code
-Data — Vg Vg
- General == ‘@ qvﬂ
Wb About Box Class Class Diagram  Code File COM Class
-windows Forms
-Reporting .
workflow @ =-j-_-W| =1 j
WPF rél aﬁ ==
Component Custom DataSet Dialog Explorer Form
Class Cantrol
B =
Interface J5cript: File Laocal Laocal Login Form
Database Datab. .. :I
I An empty class definition
Name: | Cracklvh
add Cancel
S

In

)

STRESSCHECK

= Public Class Crack
Private Dim numpoints Ls Integer = 99599
Privace numincs As Integer = 20
Priwvate o0 Az Double
Priwvate I=In As Boolean 33
34 |Pu.bJ.1c: Property xCur |
Private crackedge Ls Long 45
48 |PubJ.1: Property coCur |
'initial parameters 57 .
Frivate xlocInitial As Double :E Iiﬁim lljropert,y f":[iu;lal 1| |
Private angInitial A Double i1 ic Property Angleinitial ...
Privace colnitial As Dowble =144 |Pu.bllc Property wColInitial ‘
94
Pr:!.vat,e xourr As Double a5 Public Sub Hew ...
Private cocurr A= Double a0 LEng class
Private xtewp Lz Double 100
Private wtewp Lz Double /\
Private xloc(numpoints) As Double
Priwvace yloc(numpoints) As Double
Priwvate incsize(numincs) As Double
Priwvate ang(numincs) As Double
Priwate lastinc() Ls Long
Private Kl (munincs) A= Doubkle
Private EZ (nunincs) As Double
Private theta As Double
Privace npts As Integer

Use an

GE

o

'Cracks parameters

l nstance

Priwvate crackl L=z Crack

of

t he

?E| <aystem.Buntime. InteropServices.Progld ("StressCheckCrackedluy. ftressCheckCrackedLugClass"™) >

cl ass

I n

Puhlic Class StressCheckCrackedLugClass

t he ¢S




Step 6:'PopulateAfgrowBetaPlugin

Functions and Subroutines

STRESSCHECK

Public Function GetDescription() ALs String Iwplements Afgrow. IDualifgrowBetaPluginlnt.Getlescription

Feturn "Cracked Lug w/ Loaded Pin™
End Function

Public Function GetModelPicture ()] Az stdole.3tdPicture Implewents Afgrow. IDualifgrowbBetaPluginlnt.GetModelPicture

Dim Picture Az Svstem.Drawing. Imaoge
Picture = System.Drawving. Image.FrowmFile (My.Application. Info.DirectoryPath & "\ test.jpg™)
Feturn Microsoft.VisualBasic.Compatibility.VEBE.Support. ImageToIPicture (Picture)

End Function

Pubhlie Function GetMNate () As 3tring Implewments Afgrow. IDuslifgrowBetaPluginlInt. GetNamme
Feturn "Pinned Lug with Automatic Crack Initiation®™
End Function

Public Zub PredictEvent (ByWal iifgrowEventID Az Afgrow.AfgrowlotificationEvent) Implements Afgrow. IDualifgrowBetaPluginInt.PredictEwvent

Ty
SJelect Case iifgrowEwventID

Case Afgrow. ifgrowlotificationEvent. ifgrowEventPrediceicarted @ Czll CaleulateCrackLoco (My.Application. Info.DirectoryPath)
Case Afgrow.AfgrowNotificationEvent.AfgrowEventCaloculateEeta @ Call Calculate3IFs(My.Application. Info.DirectoryPath, True)

Caze Afgrow.AfgrowNotificationEvent.AfgrowEventOutbput @ Animatelug()
Case Afgrow.AfgrowNotificationEvent.AfgrowEventCrackFailure : Call Reset3tartingCrackLength |
Caze Afgrow.AfgrowNotificationEvent.AfgrowEventError @ Call Reset3tartingCracklengthi)

Case Afgrow. ifgrowlotificationEvent. AfgrowEventPredictFinished @ Call ResetStartingCrackLengthi

End Zelect
Catch & As Exception

End Try
End Zub

SC functions

Pukblic Sub SetPredictManageInt (ByWVal IManage As Afgrow. AfgrowPredictManage) Implements Afgrow. IDuslifgrowBetaPluginInt.SetPredictManageInt

PredictManage = IManage
End Sub

Fublic Sub Set3pecimenbrawlInt (ByWal IDraw As bAfgrow. ifgrow3pecimenDraw)] Implements Afgrow.IDualifgrowBetaPluginInt.3et3pecimenlrawvint

' Calls Plug-in for specimen drawving instructions
DrawTool = IDraw
Animatelug()

End Sub




Step 6:'PopulateAfgrowBetaPlugin
Functions and Subroutines

STRESSCHECK

Pubhlic Function CountParameters() As Integer Implements Afgrow.IDualbifgrowBetaPluginlnt.CountParameters
Feturn 12
End Function

Public Function GetParaswmeterNamne (BvWal sID Ls 3tring) A=z String Implements Afgrow. IDuallfgrowBetaPluginlInt. GetParssneterNaie
Feturn GetParameterDescriptionisIDh)
End Function

Public Function GetParameterType (ByWal sID As String) Ls Afgrow.ifgrowPluginParasmeterType Iwmplements Afgrow. IDualbifgrowBetaPluginlnt.GetParatneterType
RBeturn Afgrow.AfgrovPluginParameterType.Paramlouble
End Function

FPublic Function GetParameterList () Lz Object Implements Afgrow.IDualifgrowBetaPluginlnt.GetParameterlList

Dirm aParamill) L=z String

aParam(D) = M Parameters will be exposed
aparamii) = " through AFGROW GUI

aParam(2) = "Rfillet™
StressCheck Model Information L4
= r r
aParam(3i) = "Ro Modelnfo_Paemelers | Rule |
— T4 Name Description |Expressian| Value Limit| Class Sort
aFaram (4] Ri HHe\ght 1200024001 3| General - Ta
arm = I rr W WWiclth 6.00008+000 7 General ~|1b
aP ar I: 5 :I Thk Rfilet  Blend radius 2.00008+000 7 General ~|1c
aP aram |: E :| = rrc length" Ro Outer radius 4.0000e+000 = General - |1d
Ri Inner bare radius 1.50008+000 7 General - |18
aPatram |: 7 :| = Fmag L 1 Location of outer radius center WeRfillst 8.0000s+000 2 Ganeral - |1
X2 Location of inner radius center %1 6.00008+000 7 General - |1y
aP Y arm |: B :| = I F ang L e Location of inner radius center Ro 4.00008+000 7 General - | Th
thk Thickness 2.00008+000 7 General - | Ti
aParam(9) = "Int" & Cracklength 25000e-001 2| Gereral - 28
. . cang  Crack angle 1.80008+002 7 General - |2b
EI.P aram |: 1 |:| :| = E f ast Fmag Beating load magnitude 1.00008+003 7 General -|3a
Fang Beating load angle 1.0000e+001 5 General - 3b
= r r = =
aP [=hag=iii] |: 1 1 :| - Vf as t' Int Fastener interference 0.0000e+000 i General -|3c
Em Elastic modulus (lug) 1.0000e+007 i General = |4a
W Poisson's ratio 3.3000e-001 - General = |4b
- Em_pin Elastic modulus (gpin) 3.0000e+007 i General - |4c
REt’urn COb:I I: aP araln:l w_pin  Poigson's ratio {pin) 2.9000e-001 i General = |4d
End Function
Delete I~ Auto Step lﬁ
jrput | Settings | File




Step 6:'PopulateAfgrowBetaPlugin

Functions and Subroutines

STRESSCHECK

Fuhlic Function GetDoubleParamweterDefaultValue (ByWal sID As S3tring) As Double Implewents Afgrow. IDualifgrowBetaPluginInt.GetDoubleParameterbefaultValue

Zelect Case sID

Parameters will be exposed
through AFGROW GUI

Case "W" : BEeturn W
Case "H"™ : Return H
Case "Rfillet"™ : Return Rfillet
Case "Ro"™ : Return Ro
Case "Ri"™ : Return Ri
Case "Thk"™ : Return thk
Case "oclength'™ @ Return crackl.wvColInitial
Case "Fmag" : Feturn Fmag
Caze "Fang" : Feturn Fang
Case "Int"™ : Return Fint
Case "Efast"™ : Return Efast
Case "wifast"™ : Return viast
'Case "RunLimit®™ @ Return runLimitInitial

End Zelect
End Function




Step 6:'PopulateAfgrowBetaPlugin

Functions and Subroutines

STRESSCHECK

Public Function GetDoubleParameterValue (BvyWal sID As String) As Double Implements Afgrow. IDualifgrowBetaPluginlnt.GetlDoubleParameterValue

Select Case =ID

Case "W" : Return W

Case "H" : Return H

Case "Rfillet™ : Return Rfillet
Case "Ro"™ : Eeturn Ro

Case "Ri™ : Return Ri

Case "TK" : Return ch Parameters will be exposed
Case "clength™ @ Return crackl.vwColnitial through AFGROW GUI

Case "Fmag™ @ Return Frag
Case "Fang"™ : Return Fang
Case "Int" : Return Fint
Caze "Efast™ : Return Efast
Case "vifast" : Return vfast
! 'Case "RunLimit™ : Return runLimitInitial

End Zelect
End Function




Step 6:'PopulateAfgrowBetaPlugin
Functions and Subroutines

STRESSCHECK

Public Function GetParameterDescription(ByVal =ID As String)

Zelect Case sID

Case

Case

Case

Case

Case

Case

Case

Case

Case

Case

Case

Case

"W 1 Return "3ection Width (in) ™

MH'™ : Return "Section Height (in)"™

MEfillec™ : REeturn "Fillet BRadius (i)™

"Ro™ : Return "Lug Outer Radius (in) ™

"Ei™ : Return "Luy Inner Radius (in) "™

"Thk"™ : Return "Part Thickness (in) "™

felength'™ : Return "Initial Crack Length (in)®™
"Fmag™ @ Return "Initial Pin Load Magnitude (lkhf) ™
"Fang'™ : BEeturn "Initial Pin Load Angle (deg)™
"Int™ : Return "Fin Interference (in)"

"Efast"™ : Return "Fastener Elastic Modulus (ksi)™
Myfast™ : Return "Fastener Poisson's Ratiol

'Caze "FunLimit™ : Return "Fun Limitc™

End Select

End Function

Az Ftring Implements Afgrow. IDualifgrowbetaPluginlnt.GetParameterlescription

Parameters will be exposed
through AFGROW GUI




Step 6:'PopulateAfgrowBetaPlugin
Functions and Subroutines

STRESSCHECK

Fublic Function SetDoubleParameterValue (ByWal sID As 3tring, ByVal dValue As Double] As 3tring Implements Afgrow.IDualifgrowBetaPluginInt.SetDoubleParameterValues

' AFGROW =ets (returns) the parameter values to the Plug-In module
'Set twmp wvalue in case of bhad input

Select Case sID

Case "W" : W = dialue
Case "H"
tmp = H
If Rfillet < dWalue - 2 * Ro Then
H = dValue
Else
H = tmp
Return "Modify H such that Rfillet < H - & * Ro™
End If

Case "Rfillet”
tmp = Rfillet

o avavue £ - 2 0 R Taen Parameters will be exposed

REfillet = dValue

pee through AFGROW GUI

Return "Modify Rfillet such that Rfillet <« H - 2 * Ro"
End If

Case "Ro"
twp = Fo
If Rfillet < H - 2 * dWalue And 1.3 * crackl.vColInitial < d¥alue - Ri Then
Fo = dValue
El=ze
Ro = tmp
Return "Modify Fo such that Rfillet < H - 2 * Fo and 1.3*clength < Ro-Ri™

7
eEnd If

End Select

'Get material properties for lugy
Dim currmat Ls Afgrow.AfgrowMaterials
currmat = Afgrowlpp.GetictiveMaterial DS
If currmat = Afgrow. AfgrowMaterials.MaterialForman Then
Eluy = Afgrowhpp.SetFormanMaterial.d¥oungModulus
wluy = Afgrowlpp.SetFormanMaterial.dPoissonsBatio
End If

Inimatelug|

End Function




Step 7. Create:a new AFGROW:crack usin
Afgrow.AfgrowPredictManage

STRESSCHECK

<ovstem. Runtime. Interopiervices. Progld ("StressCheckCrackedluy. StressCheckCrackedlugClass™) > Pubhlic Class StressCheckCrackedlugClass

'Need to mwake mwore modular
Implemwents Afgrow. AfgrowEBetaPlugin

Dim fwl As Forml

Dim DrawTool is Afgrow.AfgrowipnecimenDraw
Dim PredictManage bLs Afgrow. AfgrowPredictManage
Public Afgrowhpp As Afgrow.hpplication

Priwvate Zub CreateCrackl()

FPredictManage.
PredictManage.
PredictManage.
PredictManage.
PredictManage .

'costart = Co
End Sub

LddCrack("Crack One™)
LddCrackDirection("Crack COnef, FCM)
SetCrackDirectionParameter ("Craclk Onef, o,
SetCracklirectionParameter [("Crack One®, "CH,
GetCracklbirectionParameter [("Crack One®, "CH,

flength™, crackl.wColnitial)
flength initial", crackl.wvColnitial)
"length limit"™, 0.59 * Ro)




Step 8:/Define local variables for plugn class
iInputs/outputs-and' set default parameter values

'Model information
Dim H is Double, W Ais Double, Rfillet Ais Double,
Dim xhole As Double, vhole As Double
Dim Fmag As Double, Fang As Double,

Ro As Double,
Fint As Double

'Material information

Dim Elug As Double, wluy As Double

Dim Efast As Double, wiast A4s Double

'Temp wvalue for wvalidation
Dim twmp As Double

'Crack information

imprint (1)
1 iz Integer

Dim lasthound As Integer, lasthody As Integer,
Dim i is Integer, j As Integer, k is Integer,
Dim IsIn() As Boolean, numout is Integer, numsurfsl As Integer,

Az Integer,

Ri As Double, thk is Doukle

Dim c0{) As Double

Dim xeurri) As Double, wyourr() As Double, ®tewp() ALs Double, ytempi) As Double

Dim xloc(,) As Double, wloc(,) Az Double

Dim numcracks 4s Long, numincs As Integer, incsize(,) As Double, ang(,) is Double, lastinci)
Dim E1(,) As Double, KZ(,) is Double, theta(] Ais Doukle

'Point information

Dim ptlisti,) is Integer, nuwmoidpts As Integer, npts() As Integer, splinepoint() Ais Integer

meshbody (0) As Integer,

numsurfs2 Ls Integer

As Long

crackedge ()

Az Integer,

pointid) Ais Integer

Public Sub Mew()

crackl = New Cracki)

crackl.vColnitial = 0.05

'Default Geometric Parsmeters

w=a

H = 1z
Rfillet = 2
Fo = 4

Ri = 1.5

thik = &

Frmag = 1000
Fang = 10
Fintc = 0
Elug = 10000
wlug = 0.33
Efast = 30000

viast = 0.3

' Afgromw
Afgrowhpp =

Application

GetChiject |, "Afgrow.Application™)

'Mubyer of midpoints for spline res (arbitrary

' nummidpts = 5

End Sub

'Inital ecrack locations and length for CrackedLuy input file

STRESSCHECK

ANewoO

used to create a new
Crack object and set
default parameters

subfroutine




Step 9:/Import StressCheck!library-and
define local StressCheck variables

STRESSCHECK

Imports StressCheck = StressCheckX

H<3vatem.Puntime. Interopiervices,.Progld("3tressCheckCrackedluy. 3tressCheckCrackedlugClazss") > Public Class 3tressCheckCrackedLugClass
|

'Z3tressicheck wvariables

Pukbhlic SCApp Lz StressCheck.ipplication
Publice S3CDoc As 3tressCheck.Document

Pullic SCHModel As 3tressCheck.Model

FPubhlic 3C3plines As S3tressCheck.3plineCurves

Public SCPoints As StressCheck.Points The StressCheck objects will
Public SCLines As StressCheck.Lines be Ca.”ed by the AFGROW

FPublice 23CEBodies As 3tressCheck.Bodies
Public S§CSets Ls StressCheck.Sets p|ug_in during run time
Public SCAutomeshes As StressCheck. Automeshes
Publice 23C30ls As StressCheck.Zolutions

Pulblic SCExtract Az 3tressCheck.Extraction
FPublice SCData Ls StresscCheck.DataTakle




Step 10:(Calculate 'the crack
location from Max S

0{

STRESSCHECK
¢ CalculateCrackLoc sub uses - —— T e —————
A SCStart |Private S3ub CalculateCrackLoo ...
A Starts StressCheck and opens a new S Scstare ]
database
A Note: StressCheck instance will be Sub Readodel .|
used for duration of plug-in life Sub UpdateParameters ...
A ReadMOdeI |Functin:|n ComputeCracklingleFrom3l ...

A Reads .sci files

A UpdateParameters

A Based on Afgrow GUI input, updates
SC model parameters

A ComputeCrackAnglefromS1

A Uses max S1 information to compute
location of crack



Stprepcliliceg Cadircru |
AFGROW crack information

¢ CalculateSIFs sub uses

A CreatePoints

A Creates points representing
current crack shape

A CreateSplineAndimprint
A Creates a spline curve from

points

A Embeds spline curve in lug part
A FastenerSetup

A Adds a fastener element to hole
A MeshWithCrack

A Automeshes lug with crack
A SolveModel

A Solves fastener analysis
A ExtractK1K2

AExtractscSI Fos
A SCEnd

A Closes StressCheck

STRESSCHECK

|Private Zub Calculate3IFs ..

|Suh CreatePFoints ...

|Suh CreatelplinelindImprint ...

|Suh Fastener3etup ..J

|Sub MeshWithCrack ...|

|Suh HeshCaptures ..J

|Suh IoreenCapture ..J

5ub SolveModel .. .|

|sub PlotDeformed ...

|5ub ExtractKiEz .. .|

Public Sub SCEnd ...|




Sitpe pigl 2 ¢ Prasis/goS |

crack increment calcs

N\

C

STRESSCHECK

Zubh JutBesult=()

Dim RootPiZ L= Double
Dim dAE Az Double
dE = E1(0, k)

"Already compute deltak, don't need to multiply by sgrt(pi¥oc)
PredictManage. JetCrackDirectionParameter ("Crack One™, "C', "alfa™, dK)

'Bandomize the pin load angle (for demo purposes)
Fang = BRndi) * 360
frl. lblCurring. Text = Fang

End Sub

RootPiC = PredictManage.GetCrackbirectionParawmeter ("Crack One™, "C', "sgrt pi length™)

' ¥ RootPic)




Using the Cracked Lug 'Plugn

"\ AFGROW - [Predict Data1]

— ol x|

[ﬂ Fie | Input Edit View Predict Tools Repar Initiation Window Help _ =l %]
| D T ot e B (T e
| ® »  Materl v |

e TR o voces oy
] == s e rvanced Modets Internal Through Crack - Standard Solution

& ex  Spectrum CULE Plug-In MoRels
It Spectrum Fiters > A
g ;lt Retardation >

Stress State

~Wll N¢ User-Defired Beta
fn Nc Environment
S Ne  Beta Correction
“EENC Residual Stresses
K-Solution Fitters

Geometry |

el | -]

Thie epace for comments

Select crack geometry by clicking on corresponding icon

Plug-in model selection

The plug-in DLL, once
compiled, must be
registered in order to

a p p e a r -il Irn WIB U e_ﬁ_g Cancel Al Help

Plugin Model Geometry and Dimensions

STRESSCHECK




Using the Cracked Lug 'Plugn

STRESSCHECK

FGROW - [Predict Data2] —1ol x|
Fie | Input Edt View Predict Took Repar Intaton Window Help =S|
> =@~ o
30 x g ™
[ — :;:;Lﬁ:;:in i Pinned Lug with Automatic Crack Initiation H
zm:: Fitere Crri+P ,  Tabuar LOOkL.JD kT tem [ value |
Walker Equation {Name) Pinned Lug with Auto
Retardation v Section Width (i) b
Stress State Section Height (in) 12
User-Defined Beta Fillet Fiadius (in) 2
Environment Lug Outer Radius i) 4
Beta Correction Lug Inner Radius (in) 1.5
Residual Stresses Part Thickness (in) 2
K-Solution Fiters Inilisl Crack Length (in) | 0.05

Initial Pin Load Magnit.. 1000
Initial Pin Load Angle .. 10
Pin Interference (i)~ 0
Fastener Elastic Modl.. | 30000
Fastener Poisson's R, 0.3

Jump pa Material- Forman Equation x|

Material Properties | Forman Constants

— (IRC The Forman equation has been used by several investigators to characterized da/dN vs.
3 (@) DstaKbehavior

The equation results in linear behaviorin log-log space in the low and mind-range. and
allows the upper end ofthe data to curve upward, modeling the near-failure behaviar of
metals

Forman Equation material properies

~Enter

Material Name:

Coefficient of Thermal Expansion: I'I.ZSe-DDS
Young's Modulus: W
Poisson's Ratio:  |0.33
YieldStrength, YLD: [56
Plane Strain Fracture Toughness, KIC: |35

Plane Stress Fracture Toughness, KC: 100

oK Cancel Apphy | Save | Read |




Using the Cracked Lug 'Plugn

'\ AFGROW - [Predict Data2]

[%] Fle | mput Edit View Predict Took Repar Intaton Window Help
AN ERERIEE RS

S Tie Ctr+1
Vo= Material
,ﬁ Model
xw
ir  Spectrum Fit > tation
u[s Retardation
Stress State

W Nel - Eyronment
B3 NC etz correction
“ENC Residual Stresses

K-Solution Fiters

>
b

>

-0l N User-Defined Beta

—

—o| x|
i |
> : : o X
Pinned Lug with Automatic Crack Initiation L=ts )
Iterm [ Value |
(Name) Pinned Lug with Auto
Section Width (in) B
Section Height (in) 12
Fillet Radius (in) 2

Lug Outer Radius (i) 4
Lug Inner Padius () 1.5
Part Thickness (in) 2
Initial Crack Length (r) | 0.05
Initial Pin Load Magnit... 1000
Initial Pin Load Angle .. 10

Pin Interference (in) 0

R

This space for comments

Open or create new spectrum fie

©

Stress Multiplication Factor [SMF] multiplies the stress or load lewvels found in
spectrum files. This allows normalized spectra to be used. If actual stress
levels are used inthe spectrum files, SMF should be setta 1.

Residual Strength Reguirerment [P is the value of stress (or load for models
using load input) which must be caried at all crack sizes. ltis used o
determine the critical crack size -if a non-zero value is entered.

Stress Preload [SPL] is used to account for pre-existing stresses. This value is
added to the max and min spectrum stresses after they have been multiplied by

SMF.
Enter
Stress Multiplication Factor(ShF): |1D
. . 1110
Residual Strength Reguirerment (P © ID m
Stress Preload (SPL) : I[I
Select

o |
Cancel

( Create new spectrum file

 Cpen spectrum file

= WD

(@ Constant amplitude loading

M Fastorar Flastic bdad 30000

x|

Con

t Amplitude Loading

STRESSCHECK

~Enter

R (Stress Min/Stress ha) D.1|

~ Select block size

|1un __I\

—[ Time Dependent

Duraticn afthe Elock: ID.1

(o5l

Cancel |




Using the Cracked Lug 'Plugn

'\, AFGROW - [Predict Data2]

=lofx|
Fle Input Edt View | Predict Toos Repar Initaton Window Hep _ = x|
|osE| =8 X, BENCREE IR ES
J JoNCN Run F5
=top = ]
|| [=2steus =l| Pinned Lug with Automatic Crack Initiation U x | —— =
Example Problem " o
Pinned Lug with Automatic Crack Initiation 2 olie)
User defined data (Forman Equation) (Name) Pinned Lug with Auta
Stress State Section Width (in) B
Il Spectrum Section Height (i) 12
No Spectrum Fiters Fillet Radius {in) 2
{it No Retardation Lug Outer Fadius (in) 4
[E3 No K-Solution Fiters Lug Inner Radlus (in) | 15
[E% No Residual Stresses Far Tiskness ) )

Growmlncfemerlt|0utput|m.erva\s| OutputOptionsl Propagatio 1| ¥

AFGROW uses the Vroman integration technique when
[ @ a blocked spectrum is input To minimize an error in
predicted crack propagation times it is not recomended
for Max Growth Increment value to exceed 10%

sp

rSelect

Max Growth Increment (%) [10

[~ Cycle by Cycle Spectrum calculation

[~ Cycle by Cycle Beta and Spectrum calculation

Predict Function Preferences il

OK | Cancel Save Default

Initial Crack Length (in)  0.05
Initial Pin Load Magnit.. 1000
Initial Fin Load Angle 1o
Pinlntetference (i) 0
Fastener Elastic Mod.. 30000
Fastener Poisson's R 0.3

Predict Function Preferences x|

Growth Increment  Output Intervals |Output0pt|ons| Propagatio 4 I 4

~Print Output Data at
(® Specified Crack Growth Increments
(" Specified Spectrum Cyelic Increment

(" After each Spectrum Stress Level

Crack Growth Increment 0.01

[~ Display Lifetime in Hours

OK | Cancel Save Default |

Predict Function Preferences il

Propagation Limits |Transiti0n Opnonsl Lug Boundary Conditior 4 | 4

r~ Stop Crack Propagation at
[~ Crack Length
[¥ Cycle Count Value: |2—
[~ 'Kmax' Failure Criteria
l_ User-Defined 'Kmax'
[v 'NetSection Yield' Failure Criteria

[~ Pan Through Crack Transition

~Number of times the spectrum will be repeated

Spectrum Reps (Max: 9999939) IS‘S‘QS‘S‘S‘

~Minimum crack growth after one pass ofthe spectrum

Minimum crack growth I'Ie-D‘B

OK | Cancel | Save | Default |

STRESSCHECK



Using the Cracked Lug 'Plugn

STRESSCHECK

AFGR [Predict Data2] — ol x|
[%] Fle mput Edt View Predict Took Repar Initiation Window Help _ = x|
IR - R L S O ER R e T AR
|22 2|

=

[ %5 stas Pinned Lug with Autom ped be =
Example Problem ; | val ‘
B3, Pinned Lug with Automatic Crack Initiation tom olie
B user defined data (Forman Equation) (Name) Pinned Lug with Auto,
&2 Stress State Saction Width (in) 3
Spectrum Saction Height i) 12
No Spectrum Fiters Fillet Radius (in) 2
o No Retardation Lug Quter Radius (i) | 4
: S :0 ;'Sz‘u‘?gf"w Lug Inner Radius in) | 1.5

10 Residual Stresses Part Thickness (in) 2

Initial Crack Length (in) | 0.05
Initial Pin Load Magnit..| 1000
Initial Fin Load Angle 10
Pin Interferencs (in) 0
Fastener Elastic Mod. 30000

Fastener Poisson's R 0.3

Jump Pad

= Hole
= Countersunk Hole

® Through Crack

& Part-Through Crack

This space for comments = St

Execute fatigue crack growth prediction

< Engish A




