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Outline 

ü  SMART|LD fleet management concept 
ü  Hazard Function 
ü  Application of Hazard to calculate fleet risk 

ü  Run a simple example 
ü  Run a more complex example 

ü  Fleet demographics input 
ü  Fleet risk output 
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Fleet Management  
Tab 



h(t) 

PDF(t) 

CDF(t) 

Hazard Function h(t) 
~ instantaneous failure rate 

Hazard Function h(t) =  PDF(t ) 
1 - CDF(t)  Interpretation: 

• Consider an individual aircraft found not cracked at time t 
• The chances of having a fatigue crack in a small interval [t, t+dt] are then 

given by:       H(t) ≅ h(t)*dt 
PDF:  Probability Distribution Function 
CDF:  Cumulative Distribution Function 
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Analogy to Human  
Mortality 
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# of deaths at age 
Total # of deaths 
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Analogy to Human  
Mortality 

Risk @ 30 of 
dying in next 5 

years: 
0.013 

Risk @ 70 of 
dying in next 

5 years: 
0.193 
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Generic SMART|LD  
Results 

Mean Life 32000 hrs 
1/1000 Life 8800 

hrs 
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Flight Hours x 1000 

Hazard Function 

No	
  
Aircra)	
  

Current	
  Time	
  
in	
  Service	
  
(Hrs.)	
  

Expected	
  
Future	
  
Hours	
  

Hz(t)*dt	
   Hz(t)	
  

10	
   5000	
   100	
   0	
   0	
  

10	
   6000	
   100	
   0.00002146	
   0.00021457	
  

10	
   10000	
   100	
   0.00011706	
   0.0011706	
  

2	
   20000	
   100	
   0.00207243	
   0.00414486	
  

1	
   30000	
   100	
   0.00754	
   0.00754	
  

	
  	
   	
  	
   	
  	
   Total	
  Hazard	
   0.01307	
  

Calculate hazard next 100 hrs 

Example – Fleet  
of 33 Airplanes 
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Fleet Management  
Input 



Fleet Management  
Output 
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Generic SMART|LD Run 



Fleet Hazard 
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Generic Fleet Demographic 

11 TIS:  Time in Service 



Fleet Management  
Plot  
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Generic Fleet  
Output 
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Generic Fleet  
Output 

Generic Fleet Hazard Output to Excel File 



Risk Management 

ü  Fleet risk assessment is easy with this feature 

ü  Example:   
ü  Good estimate of fleet demographics 
ü  Easy to determine which TIS groups have highest risk 
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Risk Management 

16 

0 

0.02 

0.04 

0.06 

0.08 

0.1 

0.12 

0.14 

0.16 

0.18 

0-5 5-10 10-15 15-20 20-25 25-30 30+ 

H
az

ar
d 

N
ex

t 
50

0 
hr

s.
 

Flight Hours x 1000 

Hazard by Airplane TIS Grouping 

Total H ≅ 0.6 
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Cautions Using  
Hazard 

ü  Hazard is “instantaneous” chance of failure at time, t 
ü  H(t) ≅ h(t)*dt 
ü  Approximation is close for “dt” small future time 
ü  For generic demographic, difference is 9% 

ü  H at TIS *1 hr. = 0.00126 
ü  H at TIS+500 *1 hr. = 0.00137 

ü  Hazard function, h(t) =  PDF(t) 
                                      1-CDF(t) 

ü  For very high flight times well past mean fatigue life, H may 
be underestimated 
ü  Denominator gets progressively smaller  

toward zero 
ü  Numerator also get progressively smaller 

as there are fewer and fewer unfailed  
A/C remaining 
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Summary 

ü  SMART|LD fleet management is powerful tool 
ü  Based on Hazard function 
ü  Application of Hazard to calculate fleet risk 

ü  Enables quantified fleet risk management 
ü  Calculates future risk of fatigue failure in individual and fleet aircraft 

ü  User should understand limitations 
ü  Hazard value valid for most of fatigue life 
ü  Hazard function valid for “short” future life calculations 
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Questions 


