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Program Overview 

Probabilistic Fatigue 

Analysis for Small 

Airplanes (SMARTLD) 

Probabilistic Damage Tolerance 

Analysis for Small Airplane 

(SMARTDT) 

Probabilistic Fatigue 

Management Program for 

General Aviation 

Safe-life Approach 

Å Prob. Life distribution 

Å Hazard Rate  

Å Sensitivity Analysis 

Å SFPOF, Hz, CTPOF 

Å Inspection/Repair Effect 

Å Sensitivity Analysis 

Å Develop experience and 

familiarity with probabilistic 

approaches within engineering 

personnel that design, 

manufacture and maintain 

general aviation aircraft.  

Å Verification with in-service 

findings. 

Å Develop a Probabilistically-

based fatigue management plan 

(PFMP) for general aviation  

2007-2011 2009-2013 2012-2016 

Phase I Phase II Phase III 
V Federal Aviation Administration.  

V Tech Center (Atlantic City). Sohrob Mattagi 

V Small Airplane Directorate Office (Kansas City). Mike Reyer 

V Michael Gorelik  (Chief Scientific and Technical Advisor 
F&DT). 

V Textron Aviation. 
V Cessna (Beth Gamble and Christopher Hurst).  

V Nuss Sustainment Solutions  
V Marv Nuss. 

V Airframe Digital Twin (NGC) 

V Visiting OEM ASIP engineers to deliver software 
and do training fall 2015. 

 

 

V Code Released 
V Textron 

V Cirrus Aircraft 

 

 



Development Philosophy 

üRun any crack growth model 
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üConsider any repair scenario 

Oversized Hole Doubler Replacement 

üConsider any random variable 

Fracture  

Toughness 

Hole Diameter Hole  

Offset 

Initial  

Crack Size 

Etc. 

	



What PDTA Does? 
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The probability-of-failure is the probability that maximum value of the applied  
stress (during the next flight) will exceed the residual strength ůRS of the  

aircraft component  
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FEVD =  CDF of maximum stress per flight (exteme value distribution).



Smart|DT Capabilities 
ü Loading Generation 

ï Computed from exceedance curves (Internal library and user exceedance option) ï Weighted usage available. 

ï Flight Duration and weight matrices, Design load limit factors, one -g stress, and ground stress as user input. 

ï Stresses and/or flights randomizations 

ï Spectrum editing option ( Rainflow, rise/fall, Dead band)  

ï User-defined spectra (Afgrow format)  

ü Extreme Value Distribution 
ï User input, e.g., Gumbel, Frechet , and Weibull. 

ï Ultimate/Limit load (deterministic)  

ï Computed from exceedance curves, weight matrix, etc. ( Gumbel, Frechet , and Weibull) 

ü Probability calculations 
ï SFPOF (survival / no survival term) 

ï Hazard fn. (with survival term)  

ï Cumulative (with survival term)  

ü Crack growth 
ï Direct Afgrow, Nasgro, &  Fastran link  

ï Through, Corner, Surface crack growth geometry options 

ï Master curve for 2D (ai and Kc) interpolation (user input or developed from NASGRO/AFGROW) 

ï Kriging for efficient probabilistic fracture analysis  

ü Probabilistic methods 
ï Weighted Branch Integration Method 

ï Standard Monte Carlo  

ï Numerical integration for high dimensions 

ü Inspection capabilities 
ï Any number of inspections (arbitrary limit set to 15)  

ï Arbitrary repair crack size distribution (lognormal, tabular, Weibull, deterministic)  

ï Arbitrary POD (lognormal, tabular) 

ï Deterministic POD 

ï User defined probability of inspection 

ï Different repair scenarios within/between inspections 

ü Random variables 
ï ai, Kc, Evd, da/dN, hole diameter, hole offset,  

ï crack aspect ratio, yield stress, ultimate stress. 

ü Computational implementation 
ï Standard Fortran 95/03, Windows and Unix (Intel ifort  compiler)  

ï HPC Implementation (parallel and vectorized) 

Unique capabilities in blue 
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External Crack  
Growth Interface  

SMARTDT 
SMall Aircraft Risk Technology -  Damage Tolerance Analysis  

 



Spectrum & EVD 

Random variables  
generator  

ai, ci, Pc, 

Pm, Kc, Hd, 

etc.  

AFGROW Interface:  
COM driven 

SMARTDT 

COM = Component Object Model  

C++ 
COM 

Wrapper  

FORTRAN 
Interface 
with C++  

Probabilistic  
Methods  

ÅNumerical 
Integration  

ÅMonte Carlo 
ÅWeighted Branch 

Integration  

Surrogate Modeling  
Kriging 

Spectrum 

Material Variables 

Geometric Variables 

Cycles, crack a, 
crack c, beta a, 

beta c 



Spectrum & EVD 

Random variables  
generator  

ai, ci, Pc, 

Pm, Kc, Hd, 

etc.  

SMARTDT 

I/O 
FORTRAN 
MODULE 

Probabilistic  
Methods  

ÅNumerical 
Integration  

ÅMonte Carlo 
ÅWeighted Branch 

Integration  

Surrogate Modeling  
Kriging 

Spectrum 

Material Variables 

Geometric Variables 

Cycles, cracks,  
residual strength 

FASTRAN/NASGRO Interface  
File based I/O 

wrapper 
FASTRAN 

Fastran & 
Nasgro  
run in 

parallel! 

NASGRO/ 
FASTRAN 

template.
FLABAT 

User  


