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AGENDA

8:30 Welcome & AFGROW 5.4 Overview

фΥлл ²ƘŀǘΩǎ /ƻƳƛƴƎ ƛƴ wŜƭŜŀǎŜ рΦр

9:30 Spectrum Manager Introduction

9:50 Break

10:00 Example Problems

10:30 Using Spectrum Manager

11:20 Break

11:30 Tapered/Offset Loaded Lug Solution



What is AFGROW?

AFGROW is a crack initiation and growth analysis framework
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AFGROW Spectrum Manager



AFGROW Framework
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Growth Rate 
Models
Å Forman Equation

Å Harter-T Method

Å NASGRO Equation

Å Tabular Look-up

ÅWalker Equation

Load Interaction 
Models
Å Closure

Å FASTRAN

Å Hsu

ÅWheeler

ÅGeneralized 
Willenborg

Tools:  View Output in Excel, Cycle Counting, Cycle Counting, 

     Residual Stress, Time Dependence, Corrosion Effects 

K-Solutions
ÅClassic

ÅWeight Function

ÅBeta Correction

ÅSpecial Cases

ÅAPI-579

ÅAdvanced

ÅPlug-In



AFGROW Interface

Menu/Toolbars

Animation Frame

Main Frame

Status Bar

Output Frame



Main Frame

Views Include:

ÅStatus

ÅCrack Length vs. Cycles

ÅCrack Growth Rate Data

ÅInitiation Plots



Status View



Crack Length vs. Cycles



Crack Growth Rate Data



Initiation Plots



Animation Frame

Classic or Weight 

Function 

Geometries

Advanced 

Geometries



Output Frame



Notification List



Model Identification

ÅTitle of Model Geometry being Analyized

ÅCoordinate System



Units

ωStress (ksi)

ωLength (inch)

ωForce (Kip)

ωTemperature (Degrees Fahrenheit) 

English 

ωStress (MPa)

ωLength (meter)

ωForce (MNewton)

ωTemperature (Degrees Celsius)

Metric



Dockable 
Windows

ÅAFGROW Windows 
may be moved as 
desired

ÅThe configuration is 
stored in the registry



User Preferences

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

There Are Nine Preference Tabs

ÅGrowth Increment
ÅOutput Intervals
ÅOutput Options
ÅPropagation Limits
ÅTransition Options
ÅLug Boundary Conditions
ÅFinite Width Effect
ÅCrack Closure Factor
ÅBending



AFGROW Release 5.04.01.25
(Jan 30, 2023)

Å New/Enhanced Advanced Crack At Hole Solutions (combination of a corner crack and through crack at a hole)

Å 2-D Multi-site Damage solutions

Å New width correction for part-through cracks at a hole

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

Å Local material database in tabular-lookup format

Å 35 new crack initiation material parameter data sets

Å Option to open Tabular Lookup material data file through COM

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

Å Option to use plugin from COM

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

Å Print NASGRO material id in AFGROW output, save NASGRO model id in the AFGROW problem definition file

Å Added Correction for a filled, unloaded hole for advanced models

Å Added access to retardation metadata via Plug-in Interface

Å Added prediction result code information to AFGROW output XML file

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

Å Added CorLAS Burst Pressure Model for API-579 Solutions

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

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

Å 9ƴƘŀƴŎŜƳŜƴǘΥ !ŘŘŜŘ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ǎǿƛǘŎƘ ōŜǘǿŜŜƴ ŘƻŎƪƛƴƎ ǿƛƴŘƻǿǎ ǳǎƛƴƎ ƪŜȅōƻŀǊŘΩǎ /¢w[-Tab key 
combination

Å Enhancement: Added the ability to switch between an object drop down list and object properties 
using the keyboard Shift-Tab key combination

Å  Enhancement: Added the ability to copy from the Output window using CTRL-C

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

Å Bug: AFGROW crashed for advanced models with one crack and output was directed to a plot file

Å Bug: Corrected the Tab order in the Tabular Lookup dialog

Å Bug: Hole Offset for Advanced Models was Set Incorrectly through COM using the SetObjectProperty 
function
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AFGROW Release 5.04.03.25
(Jun 26, 2023)

Å Enhancement: Added spectrum statistical information to XML output files

Å Enhancement: Improved the Special Case K-solution for through cracks in a row of holes to better account for the effect of 
fastener loads at adjacent holes.

Å 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.

Å Bug: Life prediction error when API-579 models were used via COM without setting any model parameters.

Å Bug: Advanced internal through crack solution did not recalculate the crack offset when a new crack length was set.

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

Å Bug: The constant AoC setting was lost for advanced double corner cracks at hole when the first crack transitions to a slot

Å Bug: Advanced model for 2 internal through cracks sometimes crashed during transition (coalescence)

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

Å Bug: Advanced corner crack at hole with a slot and bearing loading reported incorrect RoT limit notifications.

Å Bug: COM library notification dialogs prevented silent AFGROW installation.

Å Bug: AFGROW set residual stresses to default (1 integration point with 0 residual stress) when any model property was 
changed for a given model geometry. 

Å Bug: Error loading residual Ks for the C-direction from a dax file. The K column shifted up by one value.

Å .ǳƎΥ 9ǊǊƻǊ ƭƻŀŘƛƴƎ άннмф-T87 lab air T-[έ ƳŀǘŜǊƛŀƭ ŦǊƻƳ ǘƘŜ ǘŀōǳƭŀǊ ƭƻƻƪǳǇ ƳŀǘŜǊƛŀƭ ŘŀǘŀōŀǎŜΦ
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AFGROW Release 5.04.04.25
(Nov 10, 2023)

Å Enhancement: Added an option to reset the AFGROW window layout to a post-installation configuration

Å Enhancement: AFGROW migrated to Visual Studio 2022 and InstallShield 2023

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

Å Bug: Typos in AFGROW GUI

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

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

Å Bug: API 579 tabular K-solution data for models 5130 and 5131 had erroneous values

Å Bug: After Running API 579 Models Through COM, AFGROW hangs in memory

Å Bug: Error when calling "CalculateBetas" COM function for API 579 models

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

Å Bug: Small Error in CorLAS Model Failure Fracture Pressure calculations

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

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

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

Å Enhancement: Corrected the Advanced Model out-of-plane bending solution for a through-the-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.

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

Å Bug: Output file did not include crack growth rate information for Tabular Lookup models

Å Bug: For some models, the status of the option to hold a/c constant was not reported in the output file

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

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

Å Bug: Issue applying a polynomial stress distribution for API-579 models 5110, 5111, 5140 and 5141.
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²ƘŀǘΩǎ /ƻƳƛƴƎ ƛƴ wŜƭŜŀǎŜ рΦр

Å ¦ǇŘŀǘŜŘ !ŘǾŀƴŎŜŘ hōƭƛǉǳŜ /ǊŀŎƪ ǎƻƭǳǘƛƻƴ ǳǎƛƴƎ .ǀǊƧŜ !ƴŘŜǊǎǎƻƴΩǎ ƭŀǘŜǎǘ ǘŀōǳƭŀǊ Řŀǘŀ
Å Implement the full r/t range for the corner crack/through crack at hole solution option in AFGROW 
όŎǳǊǊŜƴǘƭȅ лΦооо Җ wκ¢ Җ нΣ ǿƛƭƭ ōŜ лΦм ǘƻ млύ

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

Å Updated Advanced Single Corner Crack solution with the latest tabular FE data
Å da/dN rate summary report
Å COM function to stop prediction on request
Å Fixed issue with converting tabular lookup data between English and Metric units
Å Two new crack transition types: THROUGH_TO_SLOT_TRANSITION and 

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

hours, applicable
Å Ability to click on status view item to open the appropriate dialog
Å New COM events that provide information about every crack direction

23



²ƘŀǘΩǎ /ƻƳƛƴƎ ƛƴ wŜƭŜŀǎŜ рΦрΣ ŎƻƴǘƛƴǳŜŘ

Å An option for AFGROW to look for spectrum files in the input file folder and predefined 
spectrum folder on user computer

Å Apply K filters for axial and bearing load cases for the MSD Special Case
Å9Řƛǘ ǘƘŜ ŎǳǊǾŜ ƴŀƳŜǎ ƛƴ ǘƘŜ Ϧ/ǊŀŎƪ Ǿǎ /ȅŎƭŜǎ ±ƛŜǿέ ōȅ ŎƭƛŎƪƛƴƎ ƻƴ ǘƘŜƳ
Å User preferences in the Status Tree View
Å User preferences to the output file 
Å Include units on the AFGROW plots and a status (tree) view
Å Use mm for Metric units in model geometry input 
Å.ŜǘǘŜǊ άŎƻǊǊŜƭŀǘƛƻƴέ ōŜǘǿŜŜƴ ŎǊŀŎƪ ƛƴƛǘƛŀǘƛƻƴ ŀƴŘ ƎǊƻǿǘƘ
Å Send events from Plug-In models to the notification list
Å Advanced Model popup menu option to add a crack to a hole
Å A COM function to open material data from the tabular lookup material database
ÅOption for 1-D User-Defined Beta models to calculate K only when the C-length is equal to a 

length in the beta table 
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Link to Open 
Material in 
AFMAT 
Database 
Online
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New 
Spectrum
Preference
Option
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User
Preferences
in Status
Tree View
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AFGROW Post-Processing Web Application

28

What is the AFGROW Post-processing Application? 
The AFGROW Post-processing 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, multiple crack 
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 browser. We do not save any 
user submitted data. 

How To Access and Use the Post-processing Application 
The AFGROW Post-processing Web Application is live now. You can access it at 
https://www.afgrow.net/post-processing. To upload your file, click File Upload or Drug and Drop 
your file in the upload designated area. Then, click Choose File and 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 File button. Finally, Click Generate Report. A page should now be loaded with your post-
processing results. 



Post-processing: Application Features
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The Post-processing 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 report 
page can be saved as pdf file.

www.afgrow.net/post-processing

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

Å Model Description

Å Spectrum Information

Å Crack Growth Output

Å Crack Length vs Life Sections

Å Beta vs Life Sections

Å Residual Strength Curve

Å K vs Crack Length Section

Å Beta vs Crack Length Section

Å a/c vs Life Section

Å a/t vs Life Section

Å Crack Growth Rate Summary Section

Å Damage Tag Summary Section 

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


Model & 
Spectrum 
Description
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Crack Growth 
Output
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Crack Length 
vs Life
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Beta vs Life
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a/c vs Life
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Residual
Strength
Curve

35



Crack 
Growth Rate 
Summary

36



Damage 
Summary
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Any comments/suggestions are welcome 
as we work to improve this new tool.

38



Spectrum 
Manager
Introduction



Spectrum 
Manager, 

Version 1.2

ÅCreate Spectrum with Max/Min/Cycle Data

ÅCreate Spectrum using Exceedance Curve

Å Import Sub-Spectra Files

ÅRandomize Levels in a Sub-Spectrum

ÅRandomize Sequence of Sub-Spectra in 
Final Spectrum

ÅClipping and Truncation

ÅEnvironmental and Damage Tagging

ÅVisualization of Spectrum, Exceedance, R, 
Delta, and 3-D R/Delta Plots
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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 pull-down menu



Environmental 
Tag Example

Environmental tags 
assigned within a sub-
spectrum are numerical 
for temperature but 
can be used to 
represent any desired 
environment.



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



Damage Tag 
Example

Damage tags assigned 
within a sub-spectrum 
are alpha-numeric for 
any combination of 
text/numbers to label a 
spectrum level (10 
characters max)



AFGROW 
Damage Tag 
Output



Spectrum Manager 
Demonstration
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Break



Example Problems

48



Lower Wing 
Skin Spanwise 
Splice



Problem Definition

Material: Aluminum 7075-T7351

ÅPlate Thickness at Overlap: 0.125 in.
ÅFastener Hole Diameter: 0.1875 in.
ÅFastener Edge Distance: 0.5 in.
ÅInitial Quarter-Circular Corner Crack (0.05 in.)
ÅSecondary, Quarter-Circular Corner Crack (0.01 in.)

Basic Assumptions:

ÅIgnoring the stiffener shown in the geometry sketch
ÅEach Plate is Equally Stressed in the Spanwise Direction (No Fastener Load)



Spanwise 
Splice 
Model



Loading Spectrum

Logistic Mission: (4 hours, average)

Training Mission: (3 hours, average)

Usage: 12 Logistic Missions / 2 Training Missions

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

Χ Χ Χ Χ

27 8 -6 1

28 8 7 429

29 10 6.4 64

30 12 4.4 4

Logistic Mission Training Mission



Loading 
Spectrum

Logistic Mission: 
(4 hours, average)

Training Mission: 
(3 hours, average)

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

Χ Χ Χ Χ

27 8 -6 1

28 8 7 429

29 10 6.4 64

30 12 4.4 4

Logistic Mission

Training Mission

Usage: 12 Logistic 

Missions / 2 Training 

Missions



Building the 
Usage 
Spectrum



AFGROW 
Demonstration
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Main Wing 
Spar 
Attachment

Material: 
7050-T74 Forging 



Lug Geometry



500 flight hours

sbr (ksi)
Nz Counts R Max Min

5.1 80 0.20 35.7 7

4.5 1200 0.22 31.5 7

3.5 2500 0.29 24.5 7

3 12500 0.33 21 7

2 22000 0.50 14 7

Counting Accelerometer Data 

Usage
Data



Building the 
Spectrum



AFGROW 
Demonstration



Spectrum Generation Using 
Recorded Flight Data



Thorp T-18



Weight & Balance

Copyright 2024 LexTech, Inc. 63

54.0 in.

55.0 in.
215.1 in.



Weight & Balance

Copyright 2024 LexTech, Inc. 64

Weight & Balance datum at wing L.E., Station 55

Empty Weight: 915 lb at Station 55 + 6.92 = 61.92

Allowable C.G. range: 15% - 34% wing chord, Station 62.5 

Fuel Station: 50.0

Pilot/Pass Station: 86.0

Baggage Station: 109.0

Empty Weight: 915 lb

Max Gross Weight: 1500 lb

Useful Load: 585 lb



Wing & Stabilizer Load Balance

Copyright 2024 LexTech, Inc. 65

62.5 ï 72.0 in.

72.45in. 194.25 in.

Total Wing 

Lift

Ὃὡρ
χςȢτυ ὅὋ

ρωτȢςυ ὅὋ



Wing Lift Distribution
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8o

20 ft., 10 

in.

Running Wing Load = Total Wing Lift / 240 in.

          (each wing tip extends 10 in. laterally)



Lower Outboard Wing Attachment
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Lower Outer Wing Attachment Fitting

Outer Wing Spar



Assumed Outboard Wing Loading
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ὙόὲὲὭὲὫ ὒέὥὨ z τωȢυ
ρπȢρ

ς

49.0 in. 10 in.

Outboard Wing Lifting Moment:

ὙόὲὲὭὲὫ ὒέὥὨ z
τωȢυ

ς

ρπȢρ

ς
τωȢυ

ρπȢρ

σ

Lower Bolt Shear:

ὙόὲὲὭὲὫ ὒέὥὨ

ς
ᶻτωȢυ

ρπȢρ

ς



Outboard Wing Fitting
Lower Attachment Lug

ÅPlate Material: 2024-T4

ÅHole Diameter: 0.374 in.

ÅLug Width: 1.125 in.

ÅPlate Thickness: 0.375 in.

Copyright 2024 LexTech, Inc. 69

4.56 in.

ὕόὸὦέὥὶὨ ὡὭὲὫ ὓέάὩὲὸὭὲ ὰὦ

τȢυφ Ὥὲ
ὒέύὩὶ ὄέὰὸ ὛὬὩὥὶ

Ȣ

Lower Outboard Wing Lug Bearing Load



T-18 Static G Limitations

Copyright 2024 LexTech, Inc. 70

Lower Outboard Wing Fitting

Assuming Forward CG Limit (worst case)

C.G. (in)
Gross Wt (lbs) Pilot (lbs) Passenger (lbs)Baggage (lbs) Fuel (gals) (62.5 - 72)

1250 195 0 0 23.3 62.50

Total Spanwise Outer Wing Bearing Bearing Bearing (+) G

Wing Loading (lbs) Loading (lb/in) Moment (in lb) Load (lbs) Stress (psi) Limit (psi) Limit

1344 5.602 8358.27 1839.31 13115 78667 6.00

C.G. (in)

Gross Wt (lbs) Pilot (lbs) Passenger (lbs)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 (lb/in) Moment (in lb) Load (lbs) Stress (psi) Limit (psi) Limit

1613 6.722 10029.92 2207.17 15737 78667 5.00



Normal, Utility, & Acrobatic G Limits
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Normal Category

+3.8 /-1.52 G

Utility Category

+4.4 /-1.76 G

Acrobatic Category

+6.0 /-3.0 G

N7077J

The examples above show for 110 < Pilot/Passenger weight  < 

455 lbs., and a baggage limitation of 70 lbs., N7077J can not 

exceed C.G. or Normal Category static structural limits. It also 

remains well within Utility Category limits.

C.G. (in)

Gross Wt (lbs) Pilot (lbs) Passenger (lbs) Baggage (lbs) Fuel (gals) (62.5 - 72)

1187 110 0 0 27.0 62.52

Total Spanwise Outer Wing Bearing Bearing Bearing (+) G

Wing Loading (lbs) Loading (lb/in) Moment (in lb) Load (lbs) Stress (psi) Limit (psi) Limit

1276 5.318 7935.74 1746.33 12452 78667 6.32

Forward C.G

Aft C.G
C.G. (in)

Gross Wt (lbs) Pilot (lbs) Passenger (lbs) Baggage (lbs) Fuel (gals) (62.5 - 72)

1440 195 260 70 0.0 71.82

Total Spanwise Outer Wing Bearing Bearing Bearing (+) G

Wing Loading (lbs) Loading (lb/in) Moment (in lb) Load (lbs) Stress (psi) Limit (psi) Limit

1447 6.031 8998.88 1980.28 14120 78667 5.57



Normal Category Residual Strength Requirement
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Maximum Gross Weight 3.8 G Limit

(Worst Case)



Dual DYNON Skyview HDX
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Dual DYNON Skyview HDX
Capabilities
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HDX System Recorded Parameters
Sampling Frequency: 4Hz (default)

ÅTime

ÅGPS Data

ÅPitch

ÅRoll

ÅMagnetic Heading

Å Indicated A/S

ÅPressure Alt

ÅTurn Rate

ÅLateral Accel

ÅVertical Accel

Copyright 2024 LexTech, Inc. 75

ÅAoA

ÅVertical Speed

ÅOAT

ÅTrue A/S

ÅBarometer

ÅDensity Altitude

ÅWind Direction

ÅWind Speed

ÅHeading Bug

ÅAltitude Bug

ÅCDI Info

ÅA/P Data (force, slip, 

position)

ÅTransponder Data

ÅEngine Data

ÅManifold Pressure

ÅCarb Temperature

ÅFuel Data

ÅElectrical Data

ÅHobbs Time

ÅTach Time



Spectrum Creation Procedure



Exporting Dynon Skyview Flight Data



Example Flight Data
Sampling Rate ς 4 Hz

103 columns of flight data



Information Used for Spectrum Generation

Col 4: GPS Data

Col 15: System Time

Col 19: Indicated Airspeed

Col 20: Pressure Altitude

Col 23: Vertical Acceleration

Col 27: True Airspeed

Col 68: Fuel Remaining

Col 72: Hobbs Time

Col 73: Tach Time

Extracted Data Additional Required Data

Pilot Weight

Passenger Weight

Baggage Weight

Indicated Airspeed used to 

determine weight on & off wheels 

<62 knots ï weight on, >70 knots ï 

weight off



Data Extraction & Load Calculation

Cycle count bearing 

stress reversals and 

add the flight to the 

sub-spectrum library



Spectrum 
Development 
Demonstration
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Flight #1 Reversals
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Sampling Rate: 4 Hz



Cycle Counting Methods

Cycle Max Min

1 1 -3 B-C

2 5 -2 A-D

3 3 -1 E-F

4 4 -4 G-H

Cycle Max Min

1 1 -2 A-B

2 5 -3 C-D

3 3 -1 E-F

4 4 -2 H-I

Cycle Max Min

1 1 -2 A-B

2 5 -4 D-G

3 3 -1 E-F

4 4 -3 H-C

Method Currently in AFGROW

Range Pair Method
(ASTM E1049-85 reapproved 2023)

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



Cycle Counting Methods
(Identical Results ς g-loading reversals tend to occur about a mean load)

Method Currently in AFGROW

Range Pair Method
(ASTM E1049-85 reapproved 2023)

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



Bearing Stress Spectrum
4 Hz Sampling Rate (38 Flights)



AFGROW Analysis
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Results
4 Hz Sampling Rate (38 Flights)

2800 Predicted Flight Hours
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Damage by Flight Condition
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Sampling Rate Effects
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My accelerometer indicates ~ +/- 0.1 G noise



Sampling Rate Effects
Cycle Counted Flight Data (Bearing Stress)
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0.933 cycles/sec

1.9 cycles/sec

3.37 cycles/sec



General Aviation Aircraft
Normal Acceleration Data Analysis and Collection Project

Feb 1993
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ὥ
σπ ὑ ὠ ά

τωψ ὡȾὛ
ςȢπσσ

W/S = 1500 lb / 86 ft2 = 17.442 lb/ft2

AR = 250 in / 50 in = 5

ά
φ ὃὙ

ς ὃὙ
τȢςψφ

Vc = 135 knots

ὑ ρȢσσ
Ȣ

Ⱦ Ⱦ = 1.017

Thorp T-18

parameters



G Exceedance Comparison
5 Flight (3.533 hours), 16 Hz Sampling Rate
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Single-Engine General Usage, Business/Personal (Gust + Maneuver)

Tables 2.4 & 2.5
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Bearing Stress Spectrum
16 Hz Sampling Rate (5 Flights)



AFGROW Analysis
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Results
16 Hz Sampling Rate (5 Flights)
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Accounting for Friction
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NAS 1956 Close Tolerance Bolt

National Aerospace Standards

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) ï 0.7 (dry)

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



Accounting for Friction
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Converting friction capability to bearing stress: „
Ȣ  

Ȣ  Ȣ  
 = 41.14 Ksi

To date, maximum calculated bearing stress is 24.48 Ksi, therefore I will assume that the lower 

outboard wing fitting has not accumulated any cyclic bearing load. I will continue to monitor my flight 

data to look for any bearing stress above 41 Ksi. I 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, I will assume the bearing stress will 

not return to zero (due to friction*). I 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) ï 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 

stress: 
„

Ȣ  

Ȣ  Ȣ  
 = 21.95 Ksi

* No inverted flight for this aircraft



The Lower Lug is NOT the Critical Control Point for DTA

ÅLook at the row of six AN-3 bolts in the lower lug attachment fitting to 
the lower, outboard wing spar cap and web

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

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

ÅThe DTA will be performed using the existing bearing load spectrum 
since the lug bearing stress is easily converted to gross remote stress in 
ǘƘŜ ǎǇŀǊ ŎŀǇ ǳǎƛƴƎ !CDwh²Ωǎ {aC ŎŀǇŀōƛƭƛǘȅ



Critical Control Point
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Lower Outer Wing Fitting

Outer Wing Spar Attachment


