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Background

▪ 2019 Request from A-10 ASIP Office

▪ Desire a Durability Analysis for each CP connected to cracking 

during a FSFT

▪ No history of durability analysis for A-10

▪ JSSG-2006

▪ Strain-Life approach and Crack Growth

▪ SwRI T-38 Durability Analysis
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Selected CPs and Reasoning

▪ Currently 224 CPs on A-10

▪ 130 CPs in list provided by A-10 Office of CPs with FSFT 

▪ 53 CPs that resulted in Cracking

▪ 83 CPs - Final list of CPs to analyze
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Fracture Analysis

▪ IFS of 0.01” for all CPs

▪ AFGROW COM used for analysis

▪ Compared results to current DTA report

– Change in Life (hours)

– Change in Critical Crack Size

▪ No continuing damage included in the analysis

– Request from the A-10 office
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Fracture Analysis
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Fracture Analysis
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Fracture Analysis
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Fracture Analysis
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Durability Analysis

▪ T-38 Methods

▪ AFGROW Initiation module

– Strain-Life Approach

– Smith,  Watson, and Topper Equivalent strain equation

– Cyclic stress-strain equation

– Strain Life Equation

– Material Properties

• K’ – cyclic strength coefficient

• 𝜎𝑓
′ - fatigue strength coefficient

• b’ – fatigue strength exponent

• ε𝑓
′ - fatigue ductility coefficient

• c’ - fatigue ductility exponent

• E – elastic modulus
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Durability Analysis

▪ COM adjusted to incorporate the initiation module

– Only good for CPs/materials with all known variables

▪ AFGROW run manually for remaining CPs

– Stress-Strain Curves generated for Tabular input

– Ramberg-Osgood Parameters calculated from mechanical property data

▪ Compared results to current DTA report

– Change in Life (hours)
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Durability Analysis – Material Properties

▪ Failure to find all necessary coefficients/parameters required to 

use the COM led to some skepticism for this method

12

Material CPs Curve / Coef Source K' n' sigma' b epsilon' c
2024-T3511 31 Tabular Input - Curves MMPDS 06

7075-T76 2 Tabular Input - Curves MMPDS 06
2024-T351 15 Coefficients NASGRO, URS 469 SAE 95 0.065 159.977 -0.124 0.22 -0.5
AMS_6526 2 Tabular Input - Curves MMPDS 06

7075-T6 8 Coefficients
ASM Handbook, Vol 19 132 0.088 128 -0.076 0.446

-

0.759
7175-T74 7 Tabular Input - Curves MMPDS 06

2024-T3 5 Coefficients
ASM Handbook, Vol 19 85.57 0.041 151.42 -0.114 1.765

-

0.927
2024-T42 5 Coefficients...Use 2024-T4 NASGRO UTS 476 SAE 166.625 0.058 147.068 -0.11 0.21 -0.5

7075-T76511 1 Tabular Input - Curves MMPDS 06
17-7PH 5 Tabular Input - Curves MMPDS 06



Durability Analysis – Material Properties

13

0

10

20

30

40

50

60

70

80

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

St
re

ss
 (

ks
i)

Strain (in./in.)

7075-T76 7075-T76511 2024-T3511 7175-T74

0

50

100

150

200

250

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

St
re

ss
 (

ks
i)

Strain (in./in.)

AMS 6526 17-PH



Durability Analysis Results Compared to 

Results in SA220R0207_RevE
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Durability Analysis Results Compared to 

Results in SA220R0207_RevE
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Durability Analysis Approach Compared to 

the Fracture Analysis Approach

▪ Durability Analysis Significant longer life compared to the 

fracture mechanics analysis
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Durability Analysis Approach Compared to 

the Fracture Analysis Approach
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Durability Analysis Approach Compared to 

the Fracture Analysis Approach
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Durability Analysis Issues

▪ “Number of cycles to initiation great than 2.e+9”

▪ “Notch stress greater than K_ts”
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Sensitivity Study

▪ How did changing the material property coefficients affect the 

analysis?

▪ Used the adjusted COM

▪ Increased each parameter by percentage

– Increments of 1% then 10%

▪ Adjusted 1 parameter at a time

▪ Did for all 6 parameters
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Sensitivity Study
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Conclusions

▪ Crack growth approach is more conservative

▪ Strain-Life approach for durability analysis appears volatile with 

our current parameters

▪ With proper values, the initiation module may be more 

beneficial for a strain-life approach

▪ Where do we go from here…
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Current Efforts

▪ Linear Elastic Fracture Mechanics (LEFM) Approach for 

Durability Analysis

▪ Reduced Equivalent Initial Flaw Size (EIFS)

▪ High Fidelity Rate in Region 1

▪ Validation Required

– Run numerous predictions at multiple max stresses and stress 

ratios

– Compare to S-N curves

▪ APES
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Questions

Questions?

Thank you
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