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Problem Overview 

Twin engine unpressurized airplane with a history of 
fatigue cracks in the wing spar cap 



Problem Overview 

Input Parameter Value
Gust/Maneuver Load exceedances User Exceedance Curve 

Sink Rate Probabilistic sink rate

Design Maneuver Load Limit Factors 3.80, -1.50  

Design Gust Load Limit Factors 3.40, -1.40  

One g stress 6500, 7000

Ground Stress -2000

Aircraft Velocity Vc = 200

Damage Index Normal distribution, Mean 1.0, 
Standard deviation 0.1 

SN Curve PSN-ASTM, SSF =3.5 



User 
 Exceedance 

Curves 

Problem Overview 

Tabular Input 
File 

GUST MAN
a.f freq. inc/nm	
  cov a.f freq. inc/nm	
  cov a.f freq. inc/nm	
  cov a.f freq. inc/nm	
  cov
0.10 4.45E-­‐01 12 -­‐0.10 3.60E-­‐01 12 0.10 6.90E-­‐02 12 -­‐0.10 5.90E-­‐02 12
0.15 1.75E-­‐01 12 -­‐0.15 1.50E-­‐01 12 0.15 2.80E-­‐02 12 -­‐0.15 1.50E-­‐02 12
0.20 8.00E-­‐02 12 -­‐0.20 6.68E-­‐02 12 0.20 1.10E-­‐02 12 -­‐0.20 4.50E-­‐03 12
o o o o o o o o o o o o
o o o o o o o o o o o o



Define Flight Matrices 
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Segment	
   Weight	
   KEAS	
   %	
  Dura3on	
  
CLIMB	
   6580	
   140	
   0.20	
  
CRUISE	
   6440	
   160	
   0.50	
  
DESCENT	
   6300	
   180	
   0.20	
  
APPROACH	
   6160	
   120	
   0.10	
  

VC = 200 KEAS 

Average	
  Speed	
  During	
  Flight,	
  %	
  Max	
  Takeoff	
  Weight	
  
Flight	
  

Time	
  (hrs)	
  
%	
  of	
  
Flights	
   0.88	
   0.90	
   0.92	
   0.94	
   0.96	
  

0.5	
   1.0	
   0.10	
   0.20	
   0.50	
   0.20	
   0.0	
  

Average	
  Speed	
  During	
  Flight,	
  %	
  Design	
  Velocity	
  
Flight	
  

Time	
  (hrs)	
  
%	
  of	
  
Flights	
   0.60	
   0.70	
   0.80	
   0.90	
   1.00	
  

0.5	
   1.0	
   0.10	
   0.20	
   0.50	
   0.20	
   0.0	
  

Sort matrix in 
ascending order 

for speed & weight MTOW = 7000 lb 

Flight 1 



Define Flight Matrices 
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Segment	
   Weight	
   KEAS	
   %	
  Dura3on	
  
CLIMB	
   6720	
   140	
   0.15	
  
CRUISE	
   6580	
   160	
   0.60	
  
DESCENT	
   6440	
   180	
   0.15	
  
APPROACH	
   6300	
   120	
   0.10	
  

VC = 200 KEAS 

Average	
  Speed	
  During	
  Flight,	
  %	
  Max	
  Takeoff	
  Weight	
  
Flight	
  

Time	
  (hrs)	
  
%	
  of	
  
Flights	
   0.80	
   0.90	
   0.92	
   0.94	
   0.96	
  

0.75	
   1.0	
   0.0	
  	
   0.10	
   0.15	
   0.60	
   0.15	
  

Average	
  Speed	
  During	
  Flight,	
  %	
  Design	
  Velocity	
  
Flight	
  

Time	
  (hrs)	
  
%	
  of	
  
Flights	
   0.600	
   0.70	
   0.80	
   0.90	
   1.00	
  

0.75	
   1.0	
   0.10	
   0.15	
   0.60	
   0.15	
   0.00	
  

Sort matrix in 
ascending order 

for speed & weight MTOW = 7000 lb 

Flight 2 



SMARTLD Input 
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Launch SMARTLD 



Problem Definition 
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Miner’s Rule 
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Plot PDF/
CDF 



Miner’s Rule 
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SN Curve, SSF 

11 

Log N = A + B(log S) 
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Analysis Type 



User Exceedances 
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Plot Exceedances 



Exceedance Plots 
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Define Usage Spectra 
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Flight 1 



Flight #1 Matrices 
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Define velocity matrix #1 

Define weight matrix #1 



Define Usage Spectra 
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Flight 1 



Define Usage Spectra 
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Flight 2 



Flight #2 Matrices 
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Define velocity matrix #2 

Define weight matrix #2 



Define Usage Spectra 
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Flight 2 



Launch Analysis 
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Start Analysis 



Launch Analysis 
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Input File Text 



Review Output 
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Summary File 
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Input Data 

Output Data 

Data Removed 



Review Output 
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Percent Damage Input Variables Flights/ 
Hours - 
Failure 

Detailed output per MC Run 



Safe-Life Results 
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Correlation Sensitivity 
Analysis 
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Hazard Function 
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The hazard rate is defined as the probability per time unit that a case that has 
survived to the beginning of the respective interval will fail in that interval 

€ 

hz( t) =
PDF( t)

1 −CDF(t)



PSN Region Accumulated 
Damage 
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Questions 


