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What iIs AFGROW?

AFGROW is a crack initiation and growth analysis framework
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AFGROW Framework

K-Solutions

A Classic

A Weight Function
A Beta Correction
A Special Cases
A API579

A Advanced

A Plugin

Growth Rate
Models

A Forman Equation
A HarterT Method
A NASGRO Equatiot
A Tabular Lookup
A Walker Equation

L

Load Interactior
Models

A Closure
A FASTRAN
A Hsu

A Wheeler

A Generalized
Willenborg

Tools: View Output in Excel, Cycle Counting, Cycle Counting,
Residual Stress, Time Dependence, Corrosion Effects




AFGROW Interface
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Main Frame

Crack Growth Rate Data

Crack Growth Rate Data

Views Include:

- o A Status
| A Crack Length vs. Cycles

// A Crack Growth Rate Data

/ A Initiation Plots
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Mote: For B < 0.0, Kmax is used instead of Delta K
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Status View

Status

EEE. Internal Through Crack - Standard Solution

=& Load

------ [S Crack length (C) =0.15
------ & Width (W)=4

------ & Thickness (T)=0.09

------ E Rlo =-0.2

------ E Rhi =08

------ #= Plain Strain Fracture Toughness =31
------ & Yield Stress =47

------ & Young's Modulus =10500

------ & Poisson's Ratio =0.33

------ & Coef. of Therm. Exp. =1.25e-005
& }E Crack Growth Rate Data

=85 Stress State

------- #= Determine Stress State automatically
Need Spectrum

fil No Spectrum Filters

i No Retardation

[E: No K-Solution Filters

& No Residual Stresses

=& 2024 T-3 Bare Sheet LONG CRACK DATA (Harter T-method)



Crack Length vs. Cycles

Crack Length vs Life

o O

Crack Length vs. Cycles
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Crack Growth Rate Data

Crack Growth Rate Data

Crack Growth Rate Data
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Animation Frame

Classic or Weight Advanced

Function Geometries
Geometries
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Output Frame

C Crack size=

A Crack size=

At ratio=
Max stress =

C Crack size= 0.072005 Beta=1.1502 R(k)= 0.0000 Rfinal)= 0.0000
& Crack size= 0.070034 Beta=1.5343 R(k)=0.0000 Rfinal)= 0.0000
At ratio= 028014 A/C ratio=

Max stress =

C Crack size= 0.07692 Beta=1.2785 R(k)= 0.0000 R(final)= 0.0000
& Crack size= 0.090078 Beta=1.3983 R(k)=0.0000 R(final)= 0.0000
At ratio= 0.368031 A/C ratio=

Max stress =

C Crack size= 0.087393 Beta=1.2925 R(k)= 0.0000 R(final)= 0.0000
A Crack size= 0.11044 Beta=1.2950 R(k)=0.0000 R(final)= 0.0000
At ratio= 044174 A/C ratio=

Max stress =

C Crack size= 0.090211 Beta=1.2859 R(k)=0.0000 Rfinal)= 0.0000
A Crack size= 0.11512 Beta=1.2728 R(k)=0.0000 R(final)= 0.0000
At ratio= 046046 A/C ratio=

Max stress =

0.07 Beta=0.9236 R(k)=0.0000 R(finall=0.0000 Delta k=6.0637e+000 D()/DN=1.7345e-007
0.05 Beta=1.6402 R(k)=0.0000 R(final)=0.0000 Delta k=3.1009e+000 D()/DN=1.8130e-006

14.000 r= 0.00

14.000 r= 0.00

14.000 r= 0.00

14.000 r= 0.00

14.000 r= 0.00

0.2 A/Cratio= 0.71429

0 Cycles Constant amp.:

0.97263
8400 Cycles Constant amp.:

11711
14500 Cycles Constant amp.:

1.2637
20100 Cycles Constant amp.:

1.2761
21300 Cycles Constant amp.:

1

Pass: 1

Delta k=7.6583e+000 D()/DN=3.7730e-007
Delta k=1.0076e+001 D()/DN=2.9380e-006

85 Pass: 85

Delta k=8.7988e+000 D()/DN=1.3534e-006
Delta k=1.0414e+001 D()/DN=3.4722e-006

146 Pass: 146

Delta k=9.4814e+000 D()/DN=2.2871e-006
Delta k=1.0673e+001 D()/DN=3.8837e-006

202 Pass: 202

Delta k=3.6064e+000 D()/DN=2.4244e-006
Delta k=1.0716e+001 D()/DN=3.9438e-006

214 Pass: 214

Finished Predict

£ English




Notification List

Notification List » 0 X
Model Condition Cycle Description i

A 1030 0.2 <=afc<= 2.0 0 afc ratio [ 8 ] is outside of the valid range =

& 1030 0.2 <= afc <= 2.0 100 afcratio [ 8 ] is outside of the valid range B

& 1030 0.2 <= afc <= 2.0 200 afcratio [ 8 ] is outside of the valid range

& 1030 0.2 <=afc <= 2.0 300 afcratio [ 8 ] is outside of the valid range

&-. 1030 0.2 <= afc <= 2.0 400 afcratio [ 8 ] is outside of the valid range

A 1030 02 <=afc<=2.0 500 afcratio [ 8 ] is outside of the valid range

& 1030 0.2 <= afc <= 2.0 600 afcratio [ 8 ] is outside of the valid range

& 1030 0.2 <= afc <= 2.0 700 afcratio [ 8 ] is outside of the valid range

& 1030 0.2 <=afc <= 2.0 200 afcratio [ 8 ] 1s outside of the valid range

A 1030 0.2 «<=afc <= 2.0 900 afcratio [ 8 ] is outside of the valid range

& 1030 0.2 <= afc <= 2.0 1000 afcratio [ 8 ] is outside of the valid range

& 1030 0.2 <= afc <= 2.0 1100 afcratio [ 8 ] is outside of the valid range

& 1030 0.2 <=afc <= 2.0 1200 afcratio [ 8 ] is outside of the valid range -

— Qojsm@l MNotification List

For Help, press F1

s Fnglish




Model Identification

A Title of Model Geometry beingnalyized

Internal Through Crack - Standard Solution

A Coordinate System




Units

English

wStress (ksi)

wLength (inch)

wkForce (Kip)

wTemperature (Degrees Fahrenheit)

wStress (MPa)

wLength (meter)

wForce (MNewton)
wTemperature (Degrees Celsius)




Dockable
Windows

AAFGROW Windows

may be moved as
desired

AThe configuration is
stored in the reqistry

& AFGROW - [Predict Datal:

sl File Input Edit View Predict Tools Repair Initiation Window Help -8 x
DR s2BXO AR
El | b Al e P - B
PP

Internal Through Standard Solution

B Example Problem
(=B Internal Through Crack - Standar
(-5 Load
[E Crack length (C) =0.15
-2 Width (W)=4
-0 Thickness (T)=0.09
=B 2024 T-3 Bare Sheet LONG CRACK DATA (Harter T-method)
~ERlo =-02
-ERhi =03
-5 Plain Strain Fracture Toughness =31
-& Yield Stress =47
-8 Young's Modulus =10500
&P Poisson's Ratio =0.33
& Coef. of Therm. Exp. =1.25e-005

Output [ JE Crack Growth Rate Data - X
(-85 Stress State "
This space for commernts -l Need Spectrum

-l No Spectrum Filters

-4 No Retardation

-5 No K-Solution Filters
- B No Residual Stresses

4

[e1117-T1y Notification List
For H




User Preferences

Preferences Are User Selected Options to Control the Life
Prediction Process and Output Format

There Are Nine Preference Tabs

A Growth Increment

A Output Intervals

A Output Options

A Propagation Limits

A Transition Options

A Lug Boundary Conditions
A Finite Width Effect

A Crack Closure Factor

A Bending
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AFGROW Release 5.04.01.25
(Jan 30, 2023)

New/Enhanced Advanced Crack At Hole Solutions (combination of a corner crack and through crack at a hole)
2-D Multi-site Damage solutions

New width correction for parthrough cracks at a hole

New weight function solutions for single and double through crack at a hole

Local material database in tabuokup format

35 new crack initiation material parameter data sets

Option to open Tabular Lookup material data file through COM

Modified output preferences: Added a check box to save input and output files in the same folder. Allow each outputtiléavee
the same name as the input file

Option to use plugin from COM

Improved handling of life in hours option. Output intervals printed in "hours" (if the option to display life in houecisdat the
Output Intervals tab, the crack length plots are also converted to hours)

Print NASGRO material id in AFGROW output, save NASGRO model id in the AFGROW problem definition file
Added Correction for a filled, unloaded hole for advanced models

Added access to retardation metadata via Rlugnterface

Added prediction result code information to AFGROW output XML file

Implemented API 579 Stress Intensity Factor Solutions for Cylinders (22 new K models)

AddedCorLASBurst Pressure Model for ABY9 Solutions

Added ability for Spectrum Manager to generate a spectrum from exceedance curve data

Spectrum Manager is included in AFGROW installation
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AFGROW Release 5.04.02.25
(Feb, 2023)

O9YVKFIYOSYSYdY ! RRSR UKS |oAfAGe G2 &g A drabikeyo S
combination

Enhancement: Added the ability to switch between an object drop down list and object properties
using the keyboard Shiftab key combination

Enhancement: Added the ability to copy from the Output window usingCTRL

Enhancement: Added the ability to move right to the adjacent column using the Tab key while editin
values in the grid control

Bug: AFGROW crashed for advanced models with one crack and output was directed to a plot file
Bug: Corrected the Tab order in the Tabular Lookup dialog

Bug: Hole Offset for Advanced Models was Set Incorrectly through COM uskbet@igectProperty
function
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AFGROW Release 5.04.03.25
(Jun 26, 2023)

Enhancement: Added spectrum statistical information to XML output files

Enhancement: Improved the Special Casmkition for through cracks in a row of holes to better account for the effect of
fastener loads at adjacent holes.

Bug: Fixed multiple errors in plot file for Advanced Models. Formatting issues remain that occur after crack(s) transition or
coalesce. We will continue to improve plot file formatting issues in future AFGROW releases.

Bug: Life prediction error when ABT9 models were used via COM without setting any model parameters.
Bug: Advanced internal through crack solution did not recalculate the crack offset when a new crack length was set.

Bug: When adding an internal through crack using the COM interface for Advanced Models, AFGROW used the total crack
length instead the hallength, and calculated the offset from the left edge of the crack, instead of the crack center.

Bug: The constakoCsetting was lost for advanced double corner cracks at hole when the first crack transitions to a slot
Bug: Advanced model for 2 internal through cracks sometimes crashed during transition (coalescence)

Bug: XML output for the offset through crack model had incorrect length values for the crack tips measured from the crack
center.

Bug: Advanced corner crack at hole with a slot and bearing loading reported indea@anit notifications.
Bug: COM library notification dialogs prevented silent AFGROW installation.

Bug: AFGROW set residual stresses to default (1 integration point with O residual stress) when any model property was
changed for a given model geometry.

Bug: Error loading residual Ks for theliection from adaxfile. The K column shifted up by one value.
. dzZ3Y 9 NNE NIT872ab &rMyed YArHIHSWNGR | € FNBY (GKS GFodzt F NI €227 dzLd Y GS



o Do Po  Po Bo Do Do Do Do Do Do Do I»

AFGROW Release 5.04.04.25
(Nov 10, 2023)

Enhancement: Added an option to reset the AFGROW window layout to @ngtatation configuration
Enhancement: AFGROW migrated to Visual Studio 2022 and InstallShield 2023

Bug: Model 1090 "Part Through Crack in Pipe" had incorrect parameter limits posted in the help documentation
Bug: Typos in AFGROW GUI

Bug: In the ParThrough/Through Advanced crack at hole solution, there was an error in the offset correction when
crack length was less than the hole radius

Bug: AFGROW did not remove some TaHolakup material properties from the Tree View, when a user switches to a
different material model

Bug: API 579 tabularg6lution data for models 5130 and 5131 had erroneous values
Bug: After Running API 579 Models Through COM, AFGROW hangs in memory
Bug: Error when callingCalculateBetdsCOM function for AP1 579 models

Bug: AFGROW crashed when user opened a file from the Tabular Lookup database, converted units, and saved the
converted data

Bug: Small Error i@orLAS Model Failure Fracture Pressure calculations

Bug: Unreadable notification error reported prior to executing predict when AFGROW checked the validity of input
material data

Bug: AFGROW validated Tabular Lookup data even when the Tabular Lookup material model was not selected
21
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AFGROW Release 5.04.05.25
(Mar 14, 2024)

Enhancement: Improved the Advanced Model bearing width correction for through cracks when modeling
combinations of parthrough/through cracks at a hole

Enhancement: Corrected the Advanced Model-ofiplane bending solution for a throughe-thickness crack

for cases with a secondary crack on the opposite side of the hole. The corrected solution uses the ratio of the
Classic single through crack at a hole under bending to the Classic single through crack at a hole under axial
loading.

Enhancement: Increase the maximum limit for spectrum cyclic increment in the print output preferences from
10,000 cycles to 500,000.

Bug: Output file did not include crack growth rate information for Tabular Lookup models
Bug: For some models, the status of the option to hold a/c constant was not reported in the output file

Bug: For double cracked advanced models, AFGROW sometimes incorrectly reported net section yield when o
of the crack tips was very close to a free edge of the plate

Bug: Significant spline oscillation errors during Advanced ModelWion interpolation for combinations of
part-through/through cracks at a hole when a/t was < 0.1

Bug: Issue applying a polynomial stress distribution forsXRImodels 5110, 5111, 5140 and 5141.
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Implement the full r/t range for the corner crack/through crack at hole solution option in AFGROW
OOdzZNNBy ifée ndooo X wke¢ X HX gAfft 6S nodm (12 ™

An optional link to open material in AFMAT database when AFGROW is using tabular lookup
database

Updated Advanced Single Corner Crack solution with the latest tabular FE data
da/dNrate summary report

COM function to stop prediction on request

Fixed issue with converting tabular lookup data between English and Metric units

Two new crack transition types: THROUGH_TO_SLOT_TRANSITION and
PART THROUGH_TO_SLOT_TRANSITION

When copying life plot data by clicking on the chart legend, make sure that the copied data is in
hours, applicable

Ability to click on status view item to open the appropriate dialog
New COM events that provide information about every crack direction
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A An option for AFGROW to look for spectrum files in the input file folder and predefined
spectrum folder on user computer

A Apply K filters for axial and bearing load cases for the MSD Special Case

A9RAGO GKS OdzNBS yIYSa Ay UKS b/ NrO1 @a |/ &
A User preferences in the Status Tree View

A Userpreferences to the output file

A Include units on the AFGROW plots and a status (tree) view

A Use mm for Metric units in model geometry input

A.SITISNI GO2NNBf I GA2yEé 0SUBSSY ON)Y Ol AYAUGA
A Send events from Pldg models to the notification list

A Advanced Model popup menu option to add a crack to a hole

A A COM functiotio open material data from the tabular lookup material database

A Option for 2D UsetDefined Beta models to calculate K only when tHer@th is equal to a
length in the beta table



Link to Open

Material In
AFMAT
Database
Online

Materials

[=I-Material List
" General
"~ Data Set

Input values of Delta_K for da/dN values and up to 10 different R(stress ratio) values.

two da/dN values. Input Delta_K for R >= 0, input Kmax for R < 0.0

Matrix must have at least two R values and

Name: |Set Name

Number of dafdn Sets: 28 Number of R Sets: 2 s Open in AFMAT database
@ R[1] R[2] ~ Ultimate Strength: 285
=
0.05 06 Young's Modulus: 28200
. da/dN[1] 1.00e-09 3.85 2.05 P
L . 6 1e-
da/dN[2) 5 00e-09 3851 506 Coefficient of Thermal Expansion:
da/dNI[3] 1.00e-08 3.94 2.175 Poisson's Ratio: 0-302
@2 da/dN[4] 2.00e-08 4075 2325 Upper limit on da/dN, DADNHI: 0-1
da/dN[5] 4.00e-08 4.4 2.725 .
Lower limit on da/dN, DADNLO: 1e-09
da/dN[6] 6.00e-08 4.65 31
da/dN[7] 1.00e-07 512 3.6 Plane Stress Fracture Toughness, KC: 220
da/dNI[8] 2.00e-07 6.3 4.58 Plane Strain Fracture Toughness, KIC: 115
da/dN[9)] 3.00e-07 1475 248 Delta K threshold value @R=0: 3.99661
da/dN[10] 4.00e-07 8.675 6.35 . oo
da/dN[11]  600e-07 10475  7.68 Yield Strength, YLD :
da/dN[12] 1.00e-06 129 9.485 Lower limit on R shift (Max: 0): -0.33
da/dN[13]  2.00e-06 16.4 12.15 Upper limit on R shift (0, 1): 075
da/dN[14] 4.00e-06 20.75 15.6
da/dN[15] 1.00e-05 30.125 22.5
da/dN[16] 2.00e-05 42 31 .
oK ‘ ‘ [ ‘ ‘ e ‘ ‘ Add ‘ ‘ Delete ‘ ‘ Read ‘ ‘ S ‘ ‘ Help

25
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Spectrum
Preference
Option

Predict Function Preferences

Growth Increment
Qutput Intervals

Output Options
Propagation Limits
Transition Options

Lug Boundary Conditions
Finite Width Effect

Crack Closure Factor
Bending

Spectrum Preferences

Transition Options

Search for spectrum file in

|V Same folder as input file

|v Default spectrum file folder

Browse |

|C:\Users\alitv\Documents\afgrow'\spectra

0K Cancel

Save

Default

26



User

Preferences
In Status
Tree View

Status v 0 X

[E] Example Problem
- {¥ Off-Axis Loaded Lug

, [F 2024 T-3 Bare Sheet LONG CRACK DATA (Harter T-method)

-89 Stress State

-l Spectrum

@ No Spectrum Filters

----- '.III'.'.'.' No Retardation

[ No K-Solution Filters

E] {E] Predict Preferences

. [<3 Growth Increment - 1% (Cycle by Cycle Spectrum calculation)
[ Output Intervals

[ Output Options

~.[<4 Propagation Limits

[} Transition Options

E{ Lug Boundary Conditions

~.[ < Finate Width Effect

[ Crack Closure Factor

~.[ <} Bending

...... E—{ No Residual Stresses

S SEMEN 1% Crack Length v... == Crack Growth ... " Repair & Cyclic Stress St...

27



AFGROW Pog$rocessing Web Application

What is the AFGROW Pgmsbcessing Application?

The AFGROW Pgstocessing Application is a web app that can be accessed from your browser
which organizes data from AFGROW .xml output files. After uploading a file, the application
generates several tables and plots that can assist the user in evaluating AFGROW crack growth
prediction results. This is extremely helpful when evaluating results for Advanced, lsnalagk
models.

When you securely upload an AFGROW xml output file to our server, the web application
processes the results to create helpful graphs and tables in your browseaio not save any
user submitted data.

How To Access and Use the Posicessing Application

The AFGROW Pgstocessing Web Application is live now. You can access it at
https://www.afgrow.net/post-processingTo upload your file, clidkile Uploadr Drug and Drop
your file in the upload designated area. Then, ditloose Filand select the file you wish to
upload and evaluate with the app. After selecting a file, its name will be visible next to the
Choose Filbutton. Finally, Clicksenerate ReportA page should now be loaded with your post

processing results. -



Postprocessing: Application Features

The Posprocessing Application has several sections, each of which present information related to the
different components of the analysis. All plots and data tables display the units of the reported data. All
the reported data can be exported and a text of as a picture, when it is appropriate. The complete repo
page can be saved as pdf file.

www.afgrow.net/postprocessing

You may see even more sections than those listed below. These sections can be used to give addition:
perspective about the prediction results. As we improve this tool, more sections will become available.
IS still work in progress.

K vs Crack Length Section

Beta vs Crack Length Section

a/c vs Life Section

a/t vs Life Section

Crack Growth Rate Summary Section
Damage Tag Summary Section

Model Description

Spectrum Information

Crack Growth Output

Crack Length vs Life Sections
Beta vs Life Sections
Residual Strength Curve

To To To Io Po Do
Do To To Io Do Do


http://www.afgrow.net/post-processing

Model &

Spectrum
Description

Model Description

Model: Internal Through Crack - Standard Solution (2010)

Name: Example Problem Comments: This space for comments
Final Cycles: 4924120 Final Crack Length: 1.31193
Spectrum

Spectrum File: C:\Users\alitv\Documents\AFGROW\Spectra\dfstaf.sp3

Spectrum Multiplacation Factor: 14 Residual Strength Requirement: 0
Levels: 15674 Cycles: 17983
Subspectra: 200 Max Value: 1

Preload: 0

Min Value: -0.2667
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Crack Growth

Output

Crack Growth Output

[¥) Export to Excel

Crack Id Y

AoT

AoC

10

Direction Id

v

items per page

Y

Length (in)
0.15

0.16

0.17

0.18

0.19
0.200001
0.210001
0.220001

0.230004

AN
Beta Tension Beta Cor
1.00334 1.00334
1.00369 1.00369
1.00407 1.00407
1.00449 1.00449
1.00495 1.00495
1.00546 1.00546
1.00603 1.00603
1.00665 1.00665
1.00734 1.00734 ~

4

1-100f 118 items
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Crack Length

VS Life

Crack Length vs Life - A

Length (inches)

Copy Points

Crack Length vs Life - A

12,806 19,208
Life (cycles)

— A1 = A12

25,611

Save Image

32,014
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Beta vs Life

Beta vs Life - C

Beta vs Life - C

Pane1

256568

2.36568

216568

Beta

1.96568

1.76568

1.36568 -
0.00 §,402.80 12,805.60 19,208.40 25,611.20 32.014.00

Life (cycles)

— G = C12

Beta vs Crack Length

Deltak vs Life
Crack Growth Rate

33



a/c vs Life

AoC vs Life

0.5
0.46875
0.4375
0.40625
0.375
0.34375
0.3125
0.28125
0.25
0.21875
0.1875
0.15625
0.125

AoC

AoC vs Life

0 200,000 400,000 600,000 800,000 1,000,000 1,200,000

Life (cycles)

—cC
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Residual Strength vs Crack Length
200
180
¢ 160
Residual
120
100

80

Strength
Curve

60

Residual Strength

40
20

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70
Crack Length

- C11




Crack Growth Rate

300000
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Damage

Summary

Damage Per Damage Tag

Damage (inches)

Damage Per Sub Spectrum

Damage (inches)

70

60

50

40

30

20

70

60

50

40

30

20

tag1

flight 1

o
o
g

flight 2

Damage Per Damage Tag

e}
o
L]

Damage Tag

Damage Per Sub Spectrum

flight 3

Sub Spectrum Name

N .

tagd I

flight 4

flight 5 I
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Any comments/suggestions are welcome
as we work to improve this new tool.



ww
™ =
.  Edit Preview Spectrum View
ibSpectrum  SubSpect hanne -
an a e Project Window * Q x Exceedance Plot [ R Plot Delta Plot [ 3d Plot R/Delta/Occurer Sequence Data Spectrum Data X | Properties Window * Q x
| - - A~
4 Falstaff . # cycle Max Min Cycles Sub Spectrum Name ;l E= AL
4 Sub Spectra Library 4 - > |[4 1 0019 -0.103 1 Flight 1 I ~ Spectrum
Fliaht 1 J
[ light 3 2 -0.022 -0.103 1 Flight 1 Title Falstaff
Flight 2
9 3 3 0.265 0101 1 Flight 1 SubSpectrum Lab Flight
Flight 3
| ght 2 4 4 0.224 0.101 6 Flight 1 Description
Fli |
light 4 5 10 0.265 010 1 Flight 1
Fli 5 |
light 5 6 i 0.224 0.101 2 Flight 1
Flight 6 | aa Aqar naa A Clioka s il
Flight 7 Falstaff - R x
Flight 8 ~ Statistics
Flight 9 1.00 | | Number Of Levels 15674
Flight 10 Number Of Cycle: 17983
0.75
Flight 11 Max
Flight 12 0.8989
ig 0.49 Max Delta
Flight 13 Min 0.2667
Flight 14 0.24 Min Delta 0.0817
Flight 15
I.Iillli] I LA L.
Flight 16 -0.01 I
Flight 17
Flioht 18 o -0.27 T T T T T T T 1
ight 0 2248 4496 6744 8992 11239 13487 15735 17983 P X -
1 Il ¥ roperties Natifications




Spectrum
Manager,

Version 1.2

A Create Spectrum with Max/Min/Cycle Data
A Create Spectrum using Exceedance Curve
A Import SubSpectra Files

A Randomize Levels in a SBpectrum

A Randomize Sequence of S8pectra in
Final Spectrum

A Clipping and Truncation
A Environmental and Damage Tagging

A Visualization of Spectrum, Exceedance, R,
Delta, and & R/Delta Plots



Environmental Tags

Environmental tags allow the use of different crack growth rate data based on
the operating environment and may be added to an existing spectrum using
the Application Menu puldown menu

New S Recent Files .
w ew Spectrum # Options — O *
Twistsp3
"'Ii N -
/7 Open File deasespl Options
~ Waorkshop.sp3 [ ] DamageTag
./ Import sub Raytheon.sp3 [] Time Dependent
Environment
Save splice.sp3
ﬁ Save As v Tank Skin - Hoop - Envelope.spx

- Damagespx
I:] Close

[Dptl'ﬂns] [About Spectrum Manager][ﬁ Exit ] o




W — O X
- Il wHO® @2 | =
Environmental |
w E— Al - Check Sequence
& ¥ b =406 ¢ | 0w w0
Tag Exam p | e New Multi  Select Channel Add Cut Copy Insert Paste Delete Unde Redo Reverse Clip Truncate E E:'I'I‘ﬂallze.
SubSpectrum  Channel = - .. Denormalize
Spectrum Clipboard Undo / Redo Tools
Sub Spectrums > o X Exceedance Plot | R Plot | Sequence Data | Spectrum Data * | Notificati + 3 X
4 Falstaff % # Viax Environment - =
- 4 SubSpectra + T l
Environmental tags Gl 0 oom oo :
9 2 2 -0.0215 -0.1033 1 LA
assigned within a sub s s e won
0 Flight 3 || 4 4 0.2236 0101 3] -30
spectrum are numerical s o oms  oon 1
Flight 3 : 5] 1 0.2236 0101 2
for temperature but P e own
Flight 7 — ¥
b d t Flight & Flight 1 - 12 x
Can pe used 1o : e
represent any desired
environment. . o) -
Flight 13 '“'”13"AW iy
) L|| -0.1033 T : r : ; . . .
a fﬁhqht” | . 0 & 1z 13 26 3z 38 45 51 m S




Damage Tags

Damage tags allow AFGROW to track the amount of crack growth caused by tagged
spectrum levels and may be added to an existing spectrum using the Application Menu
pull-down menu

Recent Files
m Mew Spectrum & Options — [l X
Twist.sp3
~ . -
./ CpenFile deasesp3 Options
~ Waorkshop.sp3 DamageTag
7 Import sub Raytheonsp3 [] Time Dependent

[ Environment

I I Save splice.sp3
dfstaf.sp3 ‘
ﬁ Save As ' Tank Skin - Hoop - Envelope.spx

- Damage.spx
Ij Close

[Dptians] [Abnut Spectrum Manager][ﬁ Exit ] OK




Damage Tag
Example

Damage tags assigned
within a sulspectrum
are alphanumeric for
any combination of
text/numbers to label a
spectrum level (10
characters max)

i — O *
lwHOE® @ | =
it Preview Spectrum View
P = AL =, Check Sequence
E X =4 JadF0O|S -
[ .-'
E + Y ) ﬂ\/ H Mormalize
MNew Multi  Select Channel Add Cut Copy Insert Paste Delete Undo Redo Reverse Clip Truncate . - )
SubSpectrum  Channel x x - . Denormalize
Spectrum Clipboard Undo / Redo Tools
Sub Spectrums * o x Exceedance Plot | R Plot | Sequence Data | Spectrum Data * | Notificati = & X
Y
4 Falstaff Bl # Cycles Damagelag =
4 SubSpectra ¥ > 1 1 0.0193 -0,1033 1 i
sk 2 2 00215 -0.1033 1 Taxi _|
Flight 2 2 3 0.2643 0.1011 1 Taxi
Flight 3 4 4 0.2236 0.1011 6 Climb
Flight 4 5 10 0.2645 0.1011 1 Push Over
Flight 5 B 1 0.2236 0.1011 2
Flight & 7 13 0.3462 0.1419 2
Flight 7 — u
Flight & Flight 1 v 4 =
Flight @ R
Flight 10 02563
Flight 11 0.1664
Cl
Flight 12 0.07651 ==
Flight 13 70.01344 W i
F| ht14 = -0.1033 T T T T T T 1
19 1] 13 13 26 32 38 45 51 -
0l i [ v Prop MNotif
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& AFGROW - [Predict Datal]
PPLs Ly A-u-umP - PRIDEEH PREXS BTN
il FIE INPUT EDIT VIEW PREDICT TOOLS REPAR INITIATION WINDOW HELP

Crack Length vs Life
Internal Through Crack - Standard Solution

Crack Length vs. Cycles

AFGROW

E—

-

1513245 3028
— Internal Through Crack - Standard Solution

Crack Length ...

Output

C Crack size= 1.6406 Beta Tension= 1.9083 Beta Compression= 1.9083 R[k)= 0.4521 R(final}= 0.4521 Delts k=1.0614e+001 D()/DM=9.4766-006
Max stress = 4472 1= 045 6052973 Cpcles Subspectra: 0 Pass: 172943

wessssEranture baged on ' Met Section rield' Criteria [current masimum stress)
C Crack size= 16407 Beta Tension=1.9083 Beta Compression=1.9083 Rk)= 0.4033 R(final}= 04033 Delta k=1.7702e+001 D()/DM=5.8202e-005
Max stress = B.924 1= 041 B052982 Cypcles Subspectra 0 Pass 172943

Stress State inthe 'C' direction [FSC); 2
Fracture has occuned- wn time: O houls] 0 minute(z] 13 second(s]

Damage Summary (By Source]

Percent of total damage due to ™ B6.03%

Percent of total damage due to 'Climb*  8.03%
Percent of total damage due to 'Push Over:  2.94%
Percent of total damage due to 'Taxit  2.94%

Damage Summary [By Sub Spectra)
Percent of total damage due to ‘Flight 1% 100.00%

For Help, press W English
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Demonstration
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Problem Definition

Material: Aluminum 707577351

A Plate Thickness at Overlap: 0.125 in.

A Fastener Hole Diameter: 0.1875 in.

A Fastener Edge Distance: 0.5 in.

A Initial Quarter-Circular Corner Crack (0.05 in.)

A Secondary, QuarteCircular Corner Crack (0.01 in.)

Basic Assumptions:

A lgnoring the stiffener shown in the geometry sketch
A Each Plate is Equally Stressed in the Spanwise Direction (No Fastener Load)



& AFGROW - [Splice.dax:1]

225 0k vE A-G-HEA > W-F T4 ISEH xB2IOL BOIN

Input  Edit View Predict Tools Repair Initiation Window Help

Spanwise =

H .I Hole
7050-T73511 L-T HHA Extrusion
1e+00 .l Countersunk Hole

[ ] 1=+
1e-01
1e-02
1e-03

1e-04

. Through Crack
—R= 0.00

‘ Part-Through Crack

I
J
/ ™ slot
/

1e-05 Properties
1e-06 Specimen
1e-08 (Name)

[ Specimen

1e-09 4 Size
1e-10 Width 2 3.000000

Remove All

Output

SR O R
This space for comments

SR O R
4

N WIEd 5] Output

Stop fatigue crack growth prediction wa English




Logistic Mission

Loading Spectrum

Training Mission

Layer Max Stress Min Stress Cycles

1 14 -12 1

2 14 12.6 325
3 16 10 32

4 17.6 8.6 2

5 19.3 6.3 1

6 17.6 8.6 2

7 16 10 32

8 14 12.6 325

Layer Max Stress Min Stress Cycles
1 8 -6 1
2 8 7 429
3 10 6.4 64
4 12 4.4 4
5 13.7 2.7 1
X X X X
27 8 -6 1
28 8 7 429
29 10 6.4 64
30 12 4.4 4

Logistic Mission: (4 hours, average)

Training Mission: (3 hours, average)

Usage: 12 Logistic Missions / 2 Training Missions




Loading
Spectrum

Logistic Mission:
(4 hours, average)

Training Mission:
(3 hours, average)

Usage: 12 Logistic
Missions / 2 Training
Missions

Logistic Mission

Layer Max Stress Min Stress Cycles

1 14 -12 1

2 14 12.6 325

3 16 10 32

4 17.6 8.6 2

5 19.3 6.3 1

6 17.6 8.6 2

7 16 10 32

8 14 12.6 325

Training Mission

Layer Max Stress Min Stress Cycles
1 8 -6 1
2 8 7 429
3 10 6.4 64
4 12 4.4 4
5 13.7 2.7 1
X X X
27 8 -6 1
28 8 7 429
29 10 6.4 64
30 12 4.4 4




@@ Spectrum Manager - C:\Users\Jim\Documents\AFGROW Related\ClassInfo\AA&STraining\splice.sp3

=[]0 % oW w4

u u New Multi Copy Insert Paste Delete Unde Redo Reverse Clip Truncate Check
SubSpectrum Channel = Sequence
Spectrum Clipboard Undo / Redo Toals
Sub Spectrums Exceedance Plot R Plot | Sequence Data Spectrum Data PropertiesWindow
4 Wing Skin Splice Spectrum .\ . |.;.§+*1.H

4 Sub Spectra +

Mission 1 -~ Spectrum

Mission 1 Mission 1 Title ‘Wing Skin Splice ¢

Hisson? Mission 1 SubSpectrum Label | Mission
e - Missica)l Description This spectrum |
Mission 1 represents 12 J

logistic I
Mission 1 missions and

2

training

Mission 1

Haurs Per Pass 1
Mission 1

Statistics
v 1

Mumber Of Levels

Chart
MNumber Of Cycles

Mission 1

19.3000
13.04004
6.7800

Max

0.5200
-5.74004
-12.0001

v

Properties Notifications

Wing Skin Splice Spectrum




& AFGROW - [Wing Splice.dax:1]

L8000 B o &Sd HE» W-pPT D@dd *2ACS RO

l«l File Input Edit View Predict Tools Repair Initiation Window Help

AFGROW
Demonstration

| —Specimen

I Crack Le..

Clength= 0.93447 BetaTension= 16903 Beta Compression= 15903 R{kj= 0.4886 R(final)=04886 Deltak=2.4523e+01 D(¥DN=33057e-04
Masxstress  17.600. r= 049, 1.00332e+06 Cycles. Mission 1 14. Pass: 68 Hours: 367069

st Eracture based on ' Net Section Yield' Criteria (current maximum spectrum value)

Crack #1

Clength= 094468 BetaTension= 15958 Beta Compression= 16968 Rik)j=0.3284 R(final)= 03264 Deltak=35740e+01 D(yDN=23283e-03
Max stress  19.300, r= 033, 100404e+06 Cycles, Mission 1 1. Pass: 89 Hours: 3673.32

Stregs State in the 'C' direction (PSC): 2
|| Fracture has occurred- run time: O hour(s) O minute(s) 4 second(s)
3673.3171 hours have passed

e 0

4 Objects

.I Hole
-

- Countersunk Hole
. Through Crack
‘ Part-Through Crack

1™ slot

Properties

2l
4 Appearance

(Name) ) Specimen
4 Size

Wiclth 2 2.500000

Thirlbnace M A13800N0

Remove All

wa English
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Main Wing
Spar |
Attachment ings”

Material:
7/050-T74 Forging



Model Geometry and Dimensions

Geometry Dimension | Load |

i Model dimensions are inttialized to default values at start-up or when
anew model configuration is selected.

Lug Geometry

Enter specimen dimensions
Widh W) 2~
Thickness (T): 05
Hole Diameter O): [T

 Enter crack dimensions

Crack Length -C’ Direction: [0.05

Crack Length-A' Direction: [005




Counting Accelerometer Data

S br (ksi
Nz Counts R | Max Min
5.1 80 10.20 35.7
4.5 1200 0.22 31.5
3.5 2500 0.29 24.5
3 12500 0.33 21
2 22000 0.50 14

500 flight hours

~N NN NN




| | # Spectrum Manager - C:\Users\Jim\Documents\AFGROW Related\ClassInfo\A&&STraining\spar.sp3
| w @R | =
Edit Preview Spectrum

B K| <+ =[] L HROdE

New Multi Cut Copy Insert Paste Delete Undo Redo Reverse Clip Truncate Check

SubSpectrum Channel Sequence

Spectrum Clipboard Undo / Redo Tools
Sub Spectrums Exceedance Plot R Plot | Sequence Data Spectrum Data PropertiesWindow
4 Main Spar Attach Fitting - 3

ctrum Name (= |4
b Sub Spectra * - ~ Spectrum
Sequence Title Main Spar Attach

SubSpectrum Label | Block

Description

Hours Per Pass

Statistics

MNumber Of Levels
Chart

MNumber Of Cycles
17.8500

Max
14.2800
10.7100
7.1400
3.5700
0.00004
o

Min

e

Properties Motifications

Main Spar Attach Fitting




& AFGROW - [Predict Data1]

2R A H- G &S HE  W- PP Dmkd xBEOL BOLW

I G R OW File Input Edit View Predict Tools Repair Initiation Window Help
Example Problem

| a Single Corner Crack in Lug - Standard Solution
7050-T74 L-T Lab air Forging (Lookup Tabular Data)

u
Fl- E Stress State
| m Spectrum File - ‘Aerobatic.spx’
- m No Spectrum Filters

W No Retardation
- EC: No K-Solution Filters
EC: No Residual Stresses

| C Crack size= 0.15027 Beta Tension=1.6058 Beta Compression=1.6058 R{k)= 05000 R{final}= 0.5000 Delta k=7.7233e+00 D{)/{DN=53413e-06
| Spectrum level max= 14000 r= 050 8356 Cycles Block 1 1 Pass: 5 Hours: 10813

e Eracture based on ' Kmax! Criteria (current masimun spectrum value)
C Crack size= 0.16961 Beta Tension=1.6870 Beta Compression= 156870 R{k)= 0.1961 R(final)= 0.1961 Delta k=3.2263e+01 D{)/DN=2 8496e-04
Spectrum level max= 35700 r= 020 8734 Cycles Block 1 1 Pass: & Hours: 114.08

Stress State in the 'C' direction (PSC): 5 56294
1| Fracture has occurred- run time: 0 hour(s) O minutels) 1 second(s)
I| 114.0805 hours have passed

4
[Z] Output

| Zoom - wa English




Spectrum Generation Using
Recorded Flight Data



Thorp T-18




Weight & Balance

215.1in.

Copyright 2024 LexTech, Inc.
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Weight & Balance

Alrcraft Weight and Balance
[ Tad Number: [Come
! 004 200

[Presarsd by 4o e | Work Grder he
Labanon, One 45038 | Tye Coniioats ¥

v | Empty Weight: 915 |b

i oy Max Gross Weight: 1500 Ib

e ———— | Useful Load: 585 Ib

it = B b R ey |

_%:;.,:mm : e Weight & Balance datum at wing L.E., Station 55

= T T Empty Weight: 915 Ib at Station 55 + 6.92 = 61.92

—— == Allowable C.G. range: 15% - 34% wing chord, Station
s I’ua‘&;*z;w'wm;nwe:m‘-w;:w = Fuel Station: 50.0
| Now EW 91503. e A - -
e~ f“" | | Pilot/Pass Station: 86.0

[ | Baggage Station: 109.0

Copyright 2024 LexTech, Inc. 64



Wing & Stabllizer Load Balance

W=

4V
| e

Y
—

* B Total Wing
v Lift -
62.51 72.0in. "Ow|p (x 8 v (?. D
(p & v O

; 1
72.431n. 194.25 in.

Copyright 2024 LexTech, Inc. 65



I

Wing Lift Distribution

|

AN

'—3,'-"-?_
A

4 'M y

— » - \—— -

SR |

20 ft., 10

A

\"

A

in.

Copyright 2024 LexTech, Inc.

\4

Running Wing Load = Total Wing Lift / 240 in.

(each wing tip extends 10 in. laterally)

80

66



Lower Outboard Wing Attachment

Outer Wing Spar

Lower Outer Wing Attachment Fitting

Copyright 2024 LexTech, Inc. 67



Assumed Outboard Wing Loading

Yo i QF 'm{r ® @>

Outboard Wing Lifting Moment:

Yot ¢ e 'zﬁz’gFT f') pj’(r & @>

0]

Lower Bolt Shear:

YO ¢ ¢ MEQ
c Zf'[ @ ﬂ)

Copyright 2024 LexTech, Inc. 68



Outboard Wing Fitting

Lower Attachment Lug

Plate Material: 2024-T4

Hole Diameter: 0.374 In.
_ug Width: 1.125 in.
Plate Thickness: 0.375 In.

Do To o o

Lower Outboard Wing Lug Bearing Load

8

[(6 00 QEGINEDE & QEQD

T® 08 (0D € 0 QE CXYCQQ)AA]I



T-18 Static G Limitations

T H ﬁ R P Engineering Company

P. 0, Box 516, Sun Vailey, Califernla 91352

Col. Donald Tayler
Star Route, Box 316
Hemet, CA 92343

Dear Col, Taylor:

March 28, 1973

For your information, the T-18 airframe structure

is designed in the F.A.L. aerobatic catagory at a grose

weight of 1,250 pounds.
condition are +6,0 and ~3,0,

The limit load factors for this

At 1500 # the maneuvering limit load factors

are 5,0 and -2.5.

At 1600# they are +4,7 and -2,73,
At 18004 they are +4.1 and -2,0.
At 2000# they are +3,7 and -1.8,
At 2200 they are +3.4 and -1.7.

These load factors do not include the beneficial
effect of any fuel weight carried in the wings,

Very truly yours,

THORP ENGINEERING COMPANY

AT, Hours

ohn ¥. Thorp

Lower Outboard Wing Fitting

Assuming Forward CG Limit (worst case)

Copyright 2024 LexTech, Inc.

C.G. (in)
Gross Wt (Ibs) Pilot (Ibs) Passenger (Ibs| Baggage (lbs Fuel (gals) (62.5- 72)
1250 195 0 0 23.3 62.50
Total Spanwise Outer Wing Bearing Bearing Bearing +HG
Wing Loading (Ibs| Loading (Ib/in)] Moment (in Ib) [ Load (Ibs) | Stress (psi] Limit (psi) Limit
1344 5.602 8358.27 1839.31 13115 78667 6.00
C.G. (in)
Gross Wt (Ibs) Pilot (Ibs) Passenger (Ibs| Baggage (lbs Fuel (gals) (62.5- 72)
1500 195 195 50 24.2 62.50
Total Spanwise Outer Wing Bearing Bearing | Bearing (+) G
Wing Loading (lbs| Loading (Ib/in)] Moment (in Ib)| Load (lbs) | Stress (psi| Limit (psi) Limit
1613 6.722 10029.92 2207.17 15737 78667 5.00
70




Normal, Utility, & Acrobatic G Limits

N7077J

Normal Category
+3.8 /-1.52 G

Utility Category
+4.4/-1.76 G

Acrobatic Category
+6.0 /-3.0 G

C.G. (in)
Gross Wt (lbs) Pilot (Ibs) Passenger (Ibs] Baggage (lbs] Fuel (gals)| (62.5-72) Forward CG
1187 110 0 0 27.0 62.52
Total Spanwise Outer Wing Bearing Bearing Bearing (+) G
Wing Loading (Ibs) Loading (Ib/in)| Moment (in Ib) Load (Ibs) [ Stress (psi] Limit (psi) Limit
1276 5.318 7935.74 1746.33 12452 78667 6.32
C.G. (in)
Gross Wt (lbs) Pilot (Ibs) Passenger (Ibs) Baggage (Ibs] Fuel (gals)| (62.5-72) Aft C . G
1440 195 260 70 0.0 71.82
Total Spanwise Outer Wing Bearing Bearing Bearing +) G
Wing Loading (Ibs)| Loading (Ib/in) [ Moment (in Ib) Load (Ibs) | Stress (psi} Limit (psi) Limit
1447 6.031 8998.88 1980.28 14120 78667 5.57

The examples above show for 110 < Pilot/Passenger weight <
455 |bs., and a baggage limitation of 70 Ibs., N7077J can not
exceed C.G. or Normal Category static structural limits. It also
remains-well within Utility Category limits.



Normal Category Residual Strength Requirement

Maximum Gross Weight 3.8 G Limit
(Worst Case)

C.G.(in)
Gross Wt (Ibs) Pilot (Ibs) Passenger (lbs) | Baggage (lbs) | Fuel {gals) | [62.5 - 72)
1500 195 160 68 27.0 08.2
Total Spanwise Outer Wing Bearing Bearing Bearing (+) G
Wing Loading (lbs) | Loading (Ib/in) | Moment (in|b) | Load (lbs) |Stress (psi)| Limit (psi) Limit
1548 0.448 9621.02 2117.19 15096 27364 3.80

Copyright 2024 LexTech, Inc.
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Dual DYNON Skyview HDX

Copyright 2024 LexTech, Inc.
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Dual DYNON Skyview HDX

Capabilities

meim=i==y S60 "00 ucom KAWO 135.625Aw0S KPAE

._'\\ ’7'
e lf/’}
L l A

e AUTOPILOT XPNDR TIMER COM RADIO

343°/19 joe . A0
XW 00 .343| 7%,
11 16 A 60MP o

- C 0 o

TINE REM 51

Py “NRST | INFO

PFD ENGINE
TOOLS TOOLS
MAP CONTROLS

MAP WEATHER USER
LAYERS OPTIONS WAYPOINTS MAP SETUP

TOOLS
=] ik ==

CHECK WEIGHT MAINT
LIST BAL LOG

FPL [ MENU | DISPLAY | NO MSG [CURSR

Copyright 2024 LexTech, Inc.

-
ADS-B STATUS

NEXRAD \RGNL
NEXRAD CONUS

ALTITUDE

9847

ET

TRAFFIC Traffic Warning Alert

O Traffic Advisory
O Proximity Advisory

@ Non-Threat Advisory

74



HDX System Recorded Parameters
Sampling Frequency: 4Hz (default)

A Time

A GPS Data

A Pitch

A Roll

A Magnetic Heading
A Indicated A/S

A Pressure Alt

A Turn Rate

A Lateral Accel

A Vertical Accel

A AoA

A Vertical Speed
A OAT

A True A/S

A Barometer

A Density Altitude
A Wind Direction
A Wind Speed

A Heading Bug

A Altitude Bug

A CDI Info
A A/P Dataforce, slip,

position)
A Transponder Data
A Engine Data
A Manifold Pressure
A Carb Temperature
A Fuel Data
A Electrical Data
A Hobbs Time
A Tach Time



Spectrum Creation Procedure

SPECTRUM
MANAGER

1.2.2.0

Windows 11/ 1078

LexTech  sppo

& o -
File Home Insert Pagelayout Formulas Data Review View Developer Help =
W5895 v fiv 12 v
S T U v w X Y Za
1 ctindicated Airspeed (Pressure Altitude Turn Rate (de Lateral Accel Vertical AcAngle of Attack Vertical Speec OAT (i '
2
3.5 0 760 0 -0.01 1 99 2
4 .5 0 760 0 -0.01 1 99 -18
5.5 0 759 0 -0.01 1 929 -22
6 .5 0 759 0 -0.01 1 99 -8
7.5 0 759 0 -0.01 1 99 -7
8 .5 0 759 0 -0.01 1 99 -14
9 |5 0 759 0 -0.01 1 99 -6
10 .5 0 759 0 -0.01 1 99 0
11 .5 0 759 0 -0.01 1 99 5
12 .5 0 759 0 -0.01 1 929 11
13 .6 0 759 0 -0.01 1 99 14
14 .6 0 759 0 -0.01 1 99 24 s
< > 2024-02-11-N7077J-SN13775-16.4. e 4 4 - »
Ready [@ % Accessibility: Investigate B M ——F—+ 100%




Exporting Dynon Skyview Flight Data




File Home  Irnsert

Al

1
B34
B315
Bi16
B317
CER L
E319
B30
-y
Bid2
B323
E324
B335
B326
BidS
B3ZE
B339
2330
E331
B33z
B333

i

[
Bl :

D
3PS5 Date & Time
112502023 21:05
112572023 21:05
11252023 21:05
11/2572023 21:05
11252023 21:05
112552023 2108
1172552023 21:05
11/2652023 21:05
1172572023 21:05
112552023 21:05
11/25/2023 21:05
11252023 21:05
11/25,2023 21:05
112572023 21:05
1112552023 21:06
1172572023 21:06
11252023 2106
112572023 2106
1U252023 2106
11/2572023 21:06

Example Flight Data

Sampling Rate 4 Hz

@

5

"

131.4
131.4
131.3
1531.5
131.4
131.3
131.4
131.4
131.5
131.4
131.5
1318
131.9
1319
131.5
131.2
131.2
131.9
131.8
151.8

Page Layeut  Forrmulas Data Review  View  Develaper  Halp 103 CO I umns Of ﬂ | g ht d ata.
Jx Saszion Time
E F G H I I K L 2] M 0 P L] R

Latitude (c Longitude GRS Altitu Ground SpeecGround Trach Mag Var (d Cross Trac Daestinatio Aange to C Bearng to System Time Pitch (deg) Rodl (deg] Magnetic H Indicated Airspess P

395166 -B4.1642 2204 125.3 187.9 6.3 Z1:-05:56 2.7 0.8 1726
39.51845 -B4 1841 2401 1353 167.9 6.3 210556 =47 0.4 1725
39.51831  -B4.1441 2400 125.3 187.9 .3 21-05:56 Bl ] 0.4 1727
39.51817 -84.164 2359 1252 167.8 6.3 21:05:57 -2.6 0.3 1727
39.51802 -84.154 2355 125.2 167.8 .3 21:06:57 St ] 1Ty
39.517EE -84 154 25497 1355 167.9 6.3 F1:05:57F -2 B 0.4 1726
39.51774 -B4.1639 23945 135.1 167.5 6.3 21-05:57 -8 1.6 1725

Jo.5176 -B4.1839 2304 1253 187.9 6.3 21:05:58 2.8 2.4 1724
J9.51746 -B4.1833 2304 1253 157.9 8.3 2105258 -2.8 2.3 1725
39.51732 -B4.7424 2381 1252 167.9 .3 Z1-05:58 2.9 2.8 1728
39.51717 -B4. 1638 2300 1352 188 6.3 210558 =25 2.6 173.2
39.51703 -B4.147 23e8 125.3 1648.1 .3 2120555 -3 2.4 1736
39.51660 -B4 1637 23ER 1355 168.2 6.3 21:05:55 ] 1.7 174
39.51675 -B4.1436 2385 135.3 168.2 6.3 21:-05:54 -3 1 174.2
3951661 -Bd4 1635 234 1254 168.3 6.3 I1-D5-58 ] 0.5 174.3
J9.51646 -B4.1536 2363 125.5 153.4 8.3 2105200 -3 0.3 174.3
19.51632 B804 2383 125.6 168.4 .3 21:08:00 =3 ] 174.2
39.51618 -B4 1835 23E1 1355 1638.4 6.3 2100 -3 -0.4 174.2
39.51604 B4, 1635 2375 125.6 168.4 6.3 210500 -3 0.6 174.2

39.5158 -B4.1634 2378 1257 168.4 6.3 F1:06-01 =29 -1.2 174.5

2023-11-25-N7077)-USER_LOG DATA  chest) 4 4 —

seady B T Acoessibiling investgate

bk

E W M - —— o=

Y

-




Co
Co
Co
Co
Co
Co
Co
Co
Co

Information Used for Spectrum Generation

Extracted Data Additional Required Data

4: GPS Data Pilot Weight

15; System Time Passenger Weight

19: Indicated Airspeed Baggage Weight

20: Pressure Altitude

23: Vertical Acceleration ndicated Arspeed used to

27 True Airspeed determine weight on & off wheels

68:. Fuel Remaining o o
. <OZ KINOLs 1T ' wWeldrlit OTl, 27U KINOLS |

72: Hobbs Time weight off

73: Tach Time




Data Extraction & Load Calculation

A B C D E F G
:
2
3 Extract Data Flight Flight Time (hour)
4 1 0.3013
5
6 Calculate Loads Pilot Weight (lb) Pass Weight (lb) Baggage (lb)
7 195 0| 5|
8
9 Row GPS Date GPSTime
10 5305 11/25/2023  20:53:24
11 5306 11/25/2023  20:53:24
12 Spectrum Manager 5307 11/25/2023 20:53:24
13 5308 11/25/2023  20:53:24
14 5309 11/25/2023  20:53:25
15 5310 11/25/2023  20:53:25
16 I 5311 11/25/2023  20:53:25
17 5312 11/25/2023  20:53:25
18 5313 11/25/2023  20:53:26
] 5314 11/25/2023  20:53:26
Cycle count bearing 5315 11/25/2023  20:53:26
5316 11/25/2023  20:53:26
stress reversals and 5317 11/25/2023  20:53:27
add the flight to the 5318 11/25/2023  20:53:27
sub-spectrum library e e aoras
2023-11-25-N7077J-USER_LOG_DATA  Sheetl +

Hobbs Start Hobbs End

21.9

71.8
73.6
74.6
74.5

75
75.3
76.2
75.9
77.1
78.2
78.7
78.7
79.1
80.1
79.7

on N

22.2

Max A/S (knots)
134.9

Ind A/S (knots Pressure Alt (ft)

652
655
655
657
659
659
662
664
665
667
669
671
673
676
678

[ade k]

Tach Start

Tach End
12.8 13.1

Max True A/S (knots) Max Alt (ft)

137.7 2485
Fuel (gal) Vert Accel (g)
10.3 0.9
10.3 1.1
10.3 1.1
10.3 1.1
10.3 1
10.3 1
10.3 1
10.3 1
10.3 1.2
10.3 1.2
10.3 0.9
10.3 1
10.3 1.1
10.3 1
10.3 1.1
1N 2 1 1

Bearing (ksi)

0 Min
13.31 Climb
13.31 Level
13.31 Climb

12.1 Climb
12.1 Level
12.1 Climb
12.1 Climb
14.52 Level
14.52 Climb
10.89 Climb
12.1 Climb
13.31 Climb
12.1 Climb
13.31 Climb

12 21 Plirmahk

Damage Tag
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Flight #1 Reversals

Sampling Rate: 4 Hz

25

20

Bearing Stress

0 200 400 600 800 1000 1200 1400 1600 1800
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Cycle Counting Methods

ASTM E1049-85 Peak-Valley Benchmark

Method Currently in AFGROW

Range Pair Method
(ASTM E1049-85 reapproved 2023)

Simplified Rain Flow Method
(ASTM E1049-85 reapproved 2023)

Cycle Max Min
1 1 -3
2 5 -2
3 3 -1
4 4 -4

Cycle Max Min
1 1 -2
2 5 -3
3 3 -1
4 4 -2

Cycle Max Min
1 1 -2
2 5 -4
3 3 -1
4 4 -3

B-C
A-D
EF
GH

A-B
GD
EF
H-I

A-B
D-G
EF
H-C



Method Currently in AFGROW

Range Pair Method
(ASTM E1049-85 reapproved 2023)

Simplified Rain Flow Method
(ASTM E1049-85 reapproved 2023)

Cycle Counting Methods

(Identical Resultg g-loading reversals tend to occur about a mean load)

Count 1

159.19-

15. 354 1
7.671

3.844

0.00

o] 104

Count 2

19.19+

15.354
11.51—w
7.67 1

3.844

0.00

209 418 522 626 731 835

= 0l

e i

Count 3

19.194

15.354
11.514

7.67 1

0 104

209 313 ais 522 626 731

1

LT et

~ Statistics

MNumber Of Levels 581
Number Of Cycles 835

Max 19.185

Min 0

Max Delta 19.185

Min Delta 0.00699999999999967

Occurences in Sequ 1

Properties MNotifications

» Statistics
Mumber Of Levels 835
Mumber Of Cycles 835

Max 19.185

Min 0

Max Delta 19.185

Min Delta 0.00699999999999967

Occurences in Seqy 1

Properties Notifications

~ Statistics
Mumber Of Levels 835
Number Of Cycles 835

3.84 1

0.00

0 104 209 313 418 522 626 731 835

Manx 19.185

Min 0

Max Delta 19.185

Min Delta 0.00699999999999967

Oceurences in Sequ 1

Froperties

Motifications



Bearing Stress Spectrum

4 Hz Sampling Rate (38 Flights)

## Spectrum Manager - C\Records\Thorp Flight Data\Spectrum Exceedance Info\ThorpspectrumwDescriptv2.spx — (] X
| W L s
iﬁhl Edit Preview Spectrum View
H s i 71 & Randomize Levels ~
@) | 9 & | % A& FHE =
N - - r ) — Add Time Dependence ~
New Import/Export  Multi  Select Channel Add Cut  Copy Insert Paste Delete Undo Redo Reverse Clip Truncate Normalize Denormalize Check  Randomize
SubSpectrum SubSpectrum >  Channel v v Sequence v
Spectrum Clipboard Undo / Redo Tools Sequence Tools Sub Spectrum Toals
Project Window > Q3 x Exceedance Plot R Plot Delta Plot [ 3d Plot R/Delta/Occurence [ Sequence Data Spectrum Data X | Properties Window >+ 3 x
- — ~
“ Spectrumi Sl o 38 100000 M Min Data = | 2|
4 Sub Spectra Library 3552 39 10000 M Max Data ~ Spectrum
i 4842 40
flight 1 1000 - Title Spectrum
flight 2 4.998 41 y :
£ nna " SubSpectrum Labe flight
flight 3 = P 100
E 24.477 1 Description
flight 4 23.096 2 10 4
flight 5 22.022 3
1 T T T T T T T T T T T L 1
. 21.918 4
flight 6 I . v 0.00 200 400 6.00 8.00 10.00 1200 1400 16.00 18.00 20.00 22.00 2400 26.00
flight 7 I
flight 8 SeEdi Vo ~ Statistics
flight 9 24.48 Number Of Levels 39358
i i 62082
flight 10 19.58 Total Time
flight 11 Number Of Cycles 55281
flight 12 14.69 Max 24477
flight 13 9.79 Max Delta 24.477
flight 14 Min 0
) 4.90
flight 15 Min Delta 0.00600000000
flight 16 0.00 T T T T T T T | <] IIi | b | v
M 0 6910 13820 20730 27640 34551 41461 48371 55281

4 Il

Properties Notifications

J




AFGROW Analysis

AFGROAW hiorpd

P J dax:1]
25 prE H- 8 HAM W-FT NGH xBA0CL BOIL

4 File Input Edit WView Predict Tools Repair  Initiation  Window  Help

Single Corner Crack in Lug - Standard Solution

Crack Length vs. Hours Spectrum y
0.35
A, "’"101 252 1 Spectum Mutplcation Factor [SMF) mufiples the siress or load levels
: Taurd if spacinom fles This alows nomabzad spectta 1o bae usad, 1T
0175 achual stress kvels are ussd in the spectrum files, SMF should ba satto 1.
7 Fiesidual Strengih Feguirement [Fid is the value of stress for load for
0.0873 modais using load input] which must be camied at al crack sizes. Itis
0 I used to detarming the critcal crack sze - if & non-zero valus is enterad,
689 1388 2089 2800
0.247 Fredoad [PL) is used to account for pre-eristing strasses. This vakue is added fo
c, CItF11$5 the mE and min spectninm stesses atter they have been mubpled by SMF
0.123 Ervter
0.0818 ' Spacinum Mufipication FactoriSMFY: [i
0
699 1389 2099 2800 Reesidul Sirength Requirsmant (P - [60665 EH:'
—Single Corner Crack i...
B Pelad (PL [0
B A crack Length v Growth .. [l Repaic 3 Cydic 5 Salert
oK »
D " Craghe new spectnim fik * 8 X

A Cracksize= 0345538 Beta Tension= 06504 Bata Compression= 06604 Fik)= 08 —y .
At ratic= 092155 ACratio= | 4309 [@F - oo specumiis canee
Spectrumn bevel maes 14367 r= 081 8918830 Cycks fight 14 14 Pass:

e Fractura based on * et Sechon el Critena [residual strangth requirernant] ”M i Constant amplfuds kadng

C Cracksize= 024652 Beta Tension= 059281 Bata Compression=09281 Rlkl=D08

A Cracksize= 034207 Beta Tension= 08547 Bata Compression= 0 6647 Rik]= 05 I
Aft ratio= 0955326 ACraho= 14187

= Output

Far Help, pres F1

9/14/2015 Copyright 2019 LexTech, Inc.
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C- Length

0.300

0.250

0.200

0.150

0.100

0.050

0.000

Results

4 Hz Sampling Rate (38 Flights)

Damage by Flight Condition

6.72%

4 Hz 38 Flight Spectrum No Retardation

/ = Climb = Descent = Level = Max GAG
Damage by Flight

7.00%

6.00%

0 500 1000 1500 2000 2500 3000 5.00%

Flight Hours 4.00%
3.00%

2.00%
1.00%

2800 Predicted Flight Hours 0.00%




Sampling Rate Effects
WSOSNEBRIfa 6DQauv

4 Hz
1.6
1.4
1.2 8 Hz
O 1 16
8
'*EE) 0.8 1.4
>
0.6 1.2 16 Hz
0.4 O 1 1.6
g
0.2 % 0.8 1.4
>
0 0.6 1.2
0 5
0.4 O 1
8
0.2 £ 0.8
(]
>
0 0.6
0 5 10
Sec 0.4
0.2
My accelerometer indicates ~-#J.1 G noise : . . .
Seconds
9/14/2015 Copyright 2019 LexTech, Inc.
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Sampling Rate Effects

Cycle Counted Flight

Data (Bearing Stress)

Exceedance Plot [ R Plot Delta Plot 3d Plot R/Delta/Occurence [ Sequence Data l Spectrum Data X | Properties Window v R x
— A
Range Data A~ 3= |AZ | ,O‘
[delta range] n
0.00 < x <= 103 4 ~ Spectrum
1.03 < x <= 2.05 1184 Title 4 Hz Sampled Data
2.05 < x<=3.07 720 )
3.07 < x <= 4.09 9 : : . : . . . . . . . . ‘ SubSpectrum Labe Flight
409 < x <=512 149 = & g N & Exceedance Plot I R Plot Delta Plot 3d Plot R/Delta/Occurence[ Sequence Data [ Spectrum Data X | Properties Window > 2 x
512 < x <=6.14 101 w oy “ A oy’
_ v v v = b _ A
e B R e e )
A0 x <=0 ’ o - g g 71| |[delta range n
818 < x<=920 6 S & o > 2 o E)oo 9,]083 B ~ Spectrum
920 < x <= 10.23 < v ¥ © R | Fee e
N2 v 110n Y = 083 < x <=1.66 2541 Title 8 Hz Sampling
1.66 < x <= 249 552 )
4 Hz Sampled Data 249 < x <=332 1619 . . — , . . . . — SubSpectrum Labe Flight
332 < x <=4.14 47 -~ A & & N Description Flight data sampled at 8
20.44 A1 < )<= 4973 o & & ¥ & Hz. Flight time is 0.7
497 < x <=5.80 9 - v g g s hours. 1.9 cycles per
16.35 580 < x <= 6.63 2 z i P P P | oeesp
663 < x<=7460 Exceedance Plot [ 3d Plot R/Delta/Occurencel Sequence Data l Spectrum Data X |Properties Window * 2 x
12.26 746 < x <= 828 0 = §
970+ vo—Qd1 N R Range Data = A’Zl ,O‘
8.18 [delta range] n
8 Hz Sampling 0.00< x<=092 4 ~ Spectrum
4.09 092 < x <= 1.84 5800 Title 16 Hz 0.783 hr
06 16.56 1.84 < x <= 2.76 3196
s 2 e 2 il 276< x<=368 0 _—— SubSpectrum Labe Flight
LEE 368 < x <=4.60 284 S » AN ~ » & v ) Description Flight data sampled at
460 < x <= 552 141 ° v & - & S ¥ \
9.94 oo < X< P b e b & < 2 o N 16 Hz. Flight time is
- 02 < X <= b b 3 b o L
e ;,”+ .,”* J’+ * x * > * 0.783 hour. 3.37 cycles/
- : sec.
6.62 735 < x <= 827 20 - S g T
cyclies/secC 627 < 4 <2519 4 $ £ & s 0§ &
. Sh,shil Q10+ v o= 1011 1 I
e
0.00+ T T T T 16 Hz 0.783 hr v 4 x
0 597 1194 1791 2388 Number Of Levels 9501
18.37 Number Of Cycles 9501
14.69 Max 18.368
1.9 cycles/sec
- s Min 0
Min Delta 0.00699999999999967
3.67
0.00+ T T T T T T T J v
0 1188 2375 3563 4750 5938 7126 8313 9501 .
Properties

9/14/2015

Copyright 2019 LexTech, Inc.
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General Aviation Aircraft

Normal Acceleration Data Analysis and Collection Projec
Feb 1993

Cumulative Frequency of Exceedance

) om0 WA i
E— T oIy 5
- = = = +] sid. dev.
] - eeee 42500, dev. |=

i » 90/95% spectra | R
E S iiiiiié‘ii!::! e T W/S = 1500 Ib / 86 ftz = 17442 Ib/ftz
Z T L : :
E, S s AR=250in/50in=5
; , @O0 'Y Thorp T-18
a s | & Yo B P
Tg C parameters
? V. = 135 knots

8

—57 = 1017

Acceleration Fraction, anf‘an —
11F

U P& o

9/14/2015 Copyright 2019 LexTech, Inc. 90



9/14/2015

G Exceedance Comparison
5 Flight (3.533 hours), 16 Hz Sampling Rate

Single-Engine General Usage, Business/Personal (Gust + Maneuver)
Tables 2.4 & 2.5

1000000
100000 \
10000
Min 16 Hz, 3.533 hours
8 Max 16 Hz, 3.533 hours
S 1000 — — —Min, FAA 90/95
°
% - = = Max, FAA 90/95
Ll% 100 = . = Min, FAA mean
- . = Max, FAA mean
10
1
0.1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

G-Level

Copyright 2019 LexTech, Inc.
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Bearing Stress Spectrum

16 Hz Sampling Rate (5 Flights)

H dn Frears Specium Wi
= &r 3 . . 1 [ X
& XN B S @ cEE X L A8 @ v @
M noat  Cyele L= 1] 5] Irsin Keserne (Np  Truncsbe MNommaloe Derormsiins Chett
Suh-specinm  Sub-specirum - Count Channed T SEUANCE
Spmctum Chptzard LindeSumin Took Sequence Tooh S0 ypectnum Toch
Peogict Windos - R x Esceeidanos Flot R Phot Dtz Flon 3d Flot RiDehay/ O oansnce Sequnai Curla Specirum Datas ® | Properas Window - B =
4 Specirumg Filter By Dumage Tag 106000 Wi Dt o | AL
a Suboupschs Loy ¥ P — = Wrdas et .. Sperinam
k dighi e Tiale Spectumis
R T ETev]
i o 5 Sesh-specirum Label Faght
L | 1
i Dlesgriphion 1533 Flight
B olighd 1605 haurs
b dighind wnm 3 o
Saquence ¥ i *
LE =y i
4543 1 ol
- ‘SEstigtics.
Mumber Of Livel; | 253658
! 1+ Tortal Theve: 12T
Mumiber OF Cyrles 20012
Flas 20806
M Dl ]
a5 nm 2 400 [Te1] 300 10 121K 1400 1600 1800 00 f2m
M o
Lperinum Fot " Fis Dl [N L e e |
20.81
416 : :
L ik 10003 1500 TR 15603 Je00% 15010 0012
Properies Motsficatnm




Ll

AFGROW Analysis

228 prE P G0 HE» B-FT DNad XG0, BOLW

4 File Inpul  Edit  View Predict Tools Repsir  Inilistion  Window  Help . & x
Crack Length vs Life v 8 X Single Corner Crack in Lug - Standard Solution Lx
ﬂ I-:I o | HEASCATUm

Crack Length vs. Hours
0.375 Spectrum Mutliplization Factor [SMF] muiipies the stress or load levels
A, A1 found i spactim files This Slows nomiaized spectra 1o ba used, If
0.281 actual strass levals are used in the spectrum fles. SMF should be setto 1
0.188 Resadusl Strength Requiremsnt [P is the value of strass (or load for
riadels using load nput] which must be camed &t &l oack sizes, 11is
0.0938 w=ad to detamins the oritical crack size - f a morezsm vake is enterad.
0 N
ar2z Ta4 1117 1480 Prétlisad [PL] is L 10 S000Unt 107 (e-essting Sresses, THS vaie & 5dded 1o
0.252 the mizx and min spectrum stresses affer they hawve bean muttiplied by SME.
c,Cc11
0.189
Ertar
0.126
Spactuim Multipication FactorlSMF). !
0.0629
0 N Resicksal Strength Requiremnent (Ped : [50 653 g_._g'j
ar2 744 1117 1480
—Single Comer Crack i... R |:'

Salact o

D " Create rew specirum fie
—al
E " Open spectrum fils %

m " Caonstant srmpibude oadng

G Cracksize= 020 Beta Tension= 06840 Bata Compression= DEGA0  Rik= 09000 R
Spectrurn kevel nEde= 12136 1= 090 16424304 Cydes fight 5 3 Fass 421

eSS Fracture based on * Net Sechon vield' Critena (residua strangth requiremnarit]
C Crack size= 026166 Bota Tensicr= 06540 Bata Compression= 06640 Rikl= 090491
Spectrum evel ma= 14061 r= 091 IGATEXEE Cyoles fight 4: 4 Fass 422 s

Stress Stata in the 'C' dinaction [PSC): 46023

P ¥
& Output

For Help, press F1 = English

9/14/2015 Copyright 2019 LexTech, Inc.



Results

16 Hz Sampling Rate (5 Flights)

_ _ Damage by Flight Condition
16 Hz 5 Flight Spectrum No Retardation

0.30
0.25

0.20

0.15

C- Length

= Climb = Descent = Level = Max GAG

0.10

0.05

Damage by Flight

0.00 40.00%
0 200 400 600 800 1000 1200 1400 1600

Flight Hours 30.00%

1490 Predicted Flight Hours 1°-°°%I I I I ]

Flight 1 Flight2 Flight3 Flight4 Flight 5




Accounting for Friction

NAS 1956 Close Tolerance Bolt l

National Aerospace Standards T
—
—>

Minimum Tensile Strength: 17.1 Kips, NAS bolt ultimate strength: 160 Ksi, AN bolt ultimate strength: 120 Ksi

Clamping Force at Full Torque: Assume 75% Yield and assume yield is 75% Ultimate (based on AN bolt data)

Clamping Force: 0.75 * 0.75 * 17.1 Kips = 9.619 Kips,
Aluminum Static Coefficient of Friction = 0.3 (greasy) i 0.7 (dry)

Static Friction Capalbility in Clevis: 9.619 Kips * 0.3 * 2 (double shear) = 5.77 Kips (worst case)

9/14/2015 Copyright 2019 LexTech, Inc. 95



Accounting for Friction

. . . : 8 :
Converting friction capability to bearing stress: " (8 8 ) = 41.14 Ksi

To date, maximum calculated bearing stress is 24.48 Ksi, therefore | will assume that the lower
outboard wing fitting has not accumulated any cyclic bearing load. | will continue to monitor my flight
data to look for any bearing stress above 41 Ksi. | will also check the bolt torque and look for any

indication of fretting at each annual condition inspection.

If the calculated bearing stress at this location exceeds 41 Ksi, | will assume the bearing stress will
not return to zero (due to friction*). | will re-analyze this location and reset the minimum bearing
stress based on the dynamic friction coefficient as follows:

Clamping Force: 0.75 * 0.75 * 17.1 Kips = 9.619 Kips
Aluminum Dynamic Coefficient of Friction = 0.16 (greasy) i 0.5 (dry)

Dynamic Friction Capability in Clevis: 9.619 Kips * 0.16 * 2 (double shear) = 3.078 Kips (worst case)

Converting friction capability to bearing , 3 8 3 = 21.95 Ksi
stress: ( ) ( )

* No inverted flight for this aircraft




The Lower Lug Is NOT the Critical Control Point for L

A Look at the row of six AR bolts in the lower lug attachment fitting to
the lower, outboard wing spar cap and web

A The spar cap will be critical since it has less cross section area

A These bolts will not generate nearly as much clamping force (I will
neglect friction effects)

A The DTA will be performed using the existing bearing load spectrum
since the lug bearing stress is easily converted to gross remote stress i
0KS aLJ)l N OF L) dzaaAy3 ! Chbwh2 Qa {acC




Critical Control Point

Outer Wing Spar Attachment

Lower Outer Wing Fitting

478 TLGRC o,
M 7 A S -
{4 13::;-,«, o e
T 'rl -,s(‘,“i- e ek -
(- P
RIS \ L
%
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