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SMARTDT 
SMall Aircraft Risk Technology - Damage Tolerance Analysis 

 

SMART Files Overview 
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File Type Description 

jobname.dat 
Input file containing the keywords and run 
information 

jobname.err Runtime error file 

jobname.wrn Runtime warning file 

jobname.out 
File containing a summary of the inputs and 
statistical results 

jobname.txt File containing the Monte Carlo realizations 

SMART|LD Files  
Overview 

Input 
output 



Smart User Spectra 
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Afgrow files (sp3 and sub). The GUI will read the “.sp3”  

.sp3 

.sub 



Damage Methodology  
(Safe Life) 
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User-defined PSN 

€ 

log N( ) = A + B⋅ log Seq + C( ) + Z⋅ stdev

Seq = Smax⋅ 1 − R( )D

Z ~ N 0,1( )

A, B, C, and D = Regression Parameters 
N = Fatigue Life in cycles 
Stdev = Standard deviation 
Seq = Equivalent Stress 
R = Stress Ratio (Smin/Smax),  
Z~N(0,1) = Standard normal 

User SN 
MMPDS Methodology 
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Example Problems 

SMARTLD 
SMall Aircraft Risk Technology – Linear Damage Analysis 

 



Example 1 

Variable Characteristics 

Loading User Spectrum Single Load  

Damage Index Normal distribution with mean 1.0 and standard 
deviation 0.0 

SN Curve User SN Curve 
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Deterministic Run 



LD Example 1 
(Select SMART|LD) 
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LD Example 1 
(Begin Tab) 
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LD Example 1 
(User SN) 
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LD Example 1 
(Loading) 
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LD Example 1 
(Launch Panel Tab) 
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Input & 
Output 

Summary  
.out File 

 … Lines were removed from this output … 
                                   Mean Results 
            Lower Bound                                   Upper Bound 
       90%      95%        99%      F-T-F Mean      90%       95%        99%  
     63051.     63051.     63051.      63051.      63051.     63051.     63051. 
 
            Lower Bound                                   Upper Bound 
       90%      95%        99%      H-T-F Mean      90%       95%        99%  
     63051.     63051.     63051.      63051.      63051.     63051.     63051. 
 
                                   Stdev Results 
            Lower Bound                                   Upper Bound 
       90%      95%        99%      F-T-F Stdev      90%       95%        99%  
         0.         0.         0.          0.          0.         0.         0. 
 
            Lower Bound                                   Upper Bound 
       90%      95%        99%      H-T-F Stdev      90%       95%        99%  
         0.         0.         0.          0.          0.         0.         0. 
 

 … Lines were removed from this output … 
 
                SN REGION          TOTAL    
         BELOW 1 KSI:              0.00 
         BETWEEN 1 AND 2 KSI:      0.00 
         BETWEEN 2 AND 3 KSI:      0.00 
         BETWEEN 3 AND 4 KSI:      0.00 
         BETWEEN 4 AND 5 KSI:      0.00 
         BETWEEN 5 AND 6 KSI:      0.00 
         BETWEEN 6 AND 7 KSI:      0.00 
         BETWEEN 7 AND 8 KSI:      0.00 
         BETWEEN 8 AND 9 KSI:      0.00 
         BETWEEN 9 AND 10 KSI:     0.00 
         BETWEEN 10 AND 11 KSI:    0.00 
         BETWEEN 11 AND 12 KSI:    0.00 
         BETWEEN 12 AND 13 KSI:    0.00 
         BETWEEN 13 AND 14 KSI:    0.00 
         BETWEEN 14 AND 15 KSI:    0.00 
         BETWEEN 15 AND 16 KSI:    0.00 
         BETWEEN 16 AND 17 KSI:    0.00 
         BETWEEN 17 AND 18 KSI:    0.00 
         BETWEEN 18 AND 19 KSI:    0.00 
         BETWEEN 19 AND 20 KSI:    0.00 
         BETWEEN 20 AND 21 KSI:  100.00 
         BETWEEN 21 AND 22 KSI:    0.00 
         BETWEEN 22 AND 23 KSI:    0.00 
         BETWEEN 23 AND 24 KSI:    0.00 
         BETWEEN 24 AND 25 KSI:    0.00 
         BETWEEN 25 AND 26 KSI:    0.00 
         BETWEEN 26 AND 27 KSI:    0.00 
         BETWEEN 27 AND 28 KSI:    0.00 
         BETWEEN 28 AND 29 KSI:    0.00 
         BETWEEN 29 AND 30 KSI:    0.00 
         BETWEEN 30 AND 31 KSI:    0.00 
         BETWEEN 31 AND 32 KSI:    0.00 
         BETWEEN 32 AND 33 KSI:    0.00 
         BETWEEN 33 AND 34 KSI:    0.00 
         BETWEEN 34 AND 35 KSI:    0.00 
         BETWEEN 35 AND 36 KSI:    0.00 
         BETWEEN 36 AND 37 KSI:    0.00 
         BETWEEN 37 AND 38 KSI:    0.00 
         BETWEEN 38 AND 39 KSI:    0.00 
         BETWEEN 39 AND 40 KSI:    0.00 
         ABOVE 40 KSI:             0.00 
 
         TOTAL STAGE PERCENTAGE  100.00 
 

 … Lines were removed from this output … 



Safe-life Results 
from .out File 
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   Mean Results 
            Lower Bound                                   Upper Bound 
       90%      95%        99%      F-T-F Mean      90%       95%        99%  
     63051.     63051.     63051.      63051.      63051.     63051.     63051. 
 
            Lower Bound                                   Upper Bound 
       90%      95%        99%      H-T-F Mean      90%       95%        99%  
     63051.     63051.     63051.      63051.      63051.     63051.     63051. 
 
                                   Stdev Results 
            Lower Bound                                   Upper Bound 
       90%      95%        99%      F-T-F Stdev      90%       95%        99%  
         0.         0.         0.          0.          0.         0.         0. 
 
            Lower Bound                                   Upper Bound 
       90%      95%        99%      H-T-F Stdev      90%       95%        99%  
         0.         0.         0.          0.          0.         0.         0. 



Safe-life Results 
from .out File 
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PSN Region Accumulated 
Damage 

 

18 

 **** SN REGION PERCENTAGE DAMAGE  **** 
-------------------------------------------------- 
-------------------------------------------------- 
                SN REGION          TOTAL    
         BELOW 1 KSI:              0.00 
         BETWEEN 1 AND 2 KSI:      0.00 
         BETWEEN 2 AND 3 KSI:      0.00 
         BETWEEN 3 AND 4 KSI:      0.00 
         BETWEEN 4 AND 5 KSI:      0.00 
   … Lines were removed from this output … 
         BETWEEN 10 AND 11 KSI:    0.00 
         BETWEEN 11 AND 12 KSI:    0.00 
         BETWEEN 12 AND 13 KSI:    0.00 
         BETWEEN 13 AND 14 KSI:    0.00 
         BETWEEN 14 AND 15 KSI:    0.00 
         BETWEEN 15 AND 16 KSI:    0.00 
         BETWEEN 16 AND 17 KSI:    0.00 
         BETWEEN 17 AND 18 KSI:    0.00 
         BETWEEN 18 AND 19 KSI:    0.00 
         BETWEEN 19 AND 20 KSI:    0.00 
         BETWEEN 20 AND 21 KSI:  100.00 
         BETWEEN 21 AND 22 KSI:    0.00 
         BETWEEN 22 AND 23 KSI:    0.00 
         BETWEEN 23 AND 24 KSI:    0.00 
         BETWEEN 24 AND 25 KSI:    0.00 
         BETWEEN 25 AND 26 KSI:    0.00 
         BETWEEN 26 AND 27 KSI:    0.00 
         BETWEEN 27 AND 28 KSI:    0.00 
         BETWEEN 28 AND 29 KSI:    0.00 
         BETWEEN 29 AND 30 KSI:    0.00 
    … Lines were removed from this output … 
         BETWEEN 39 AND 40 KSI:    0.00 
         ABOVE 40 KSI:             0.00 
 
         TOTAL STAGE PERCENTAGE  100.00 



Example 2 

Variable Characteristics 

Loading User Spectrum 

Damage Index Normal distribution with mean 1.0 and standard 
deviation 0.1 

SN Curve User SN Curve 
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LD Example 1 
(Begin Tab) 
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LD Example 1 
(User SN) 
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LD Example 1 
(Launch Panel Tab) 
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Input & 
Output 

Summary  
.out File 

 … Lines were removed from this output … 
    ***SMART RESULTS*** 
 
          Probability       Flights-to-Failure      Hours-to-Failure 
             0.500000             14892                  16381 
             0.100000              3295                   3624 
             0.010000              1033                   1136 
             0.001000               432                    475 
             0.000223               257                    282 
 
                                   Mean Results 
            Lower Bound                                   Upper Bound 
       90%      95%        99%      F-T-F Mean      90%       95%        99%  
     27983.     27843.     27575.      28703.      29423.     29563.     29831. 
 
            Lower Bound                                   Upper Bound 
       90%      95%        99%      H-T-F Mean      90%       95%        99%  
     30782.     30627.     30333.      31574.      32365.     32520.     32814. 
 
                                   Stdev Results 
            Lower Bound                                   Upper Bound 
       90%      95%        99%      F-T-F Stdev      90%       95%        99%  
     43390.     43294.     43108.      43894.      44411.     44511.     44708. 
 
            Lower Bound                                   Upper Bound 
       90%      95%        99%      H-T-F Stdev      90%       95%        99%  
     47729.     47624.     47419.      48284.      48853.     48963.     49179. 
  
-------------------------------------------------- 
-------------------------------------------------- 
     **** PEARSON CORRELATIONS **** 
 
          Damage       PSN 
         Coefficient           
        _______________________________ 
FTF      0.08051      0.72741 
HTF      0.08051      0.72741 
-------------------------------------------------- 
   **** SN REGION PERCENTAGE DAMAGE  **** 
-------------------------------------------------- 
-------------------------------------------------- 
                SN REGION          TOTAL    
 
         BETWEEN 10 AND 11 KSI:    0.00 
         BETWEEN 11 AND 12 KSI:    0.00 
         BETWEEN 12 AND 13 KSI:    0.00 
         BETWEEN 13 AND 14 KSI:    0.00 
         BETWEEN 14 AND 15 KSI:    0.00 
         BETWEEN 15 AND 16 KSI:    8.11 
         BETWEEN 16 AND 17 KSI:    0.00 
         BETWEEN 17 AND 18 KSI:    0.00 
         BETWEEN 18 AND 19 KSI:    0.00 
         BETWEEN 19 AND 20 KSI:   44.14 
         BETWEEN 20 AND 21 KSI:    0.00 
         BETWEEN 21 AND 22 KSI:    0.00 
         BETWEEN 22 AND 23 KSI:   31.26 
         BETWEEN 23 AND 24 KSI:    0.00 
         BETWEEN 24 AND 25 KSI:    0.00 
         BETWEEN 25 AND 26 KSI:   12.39 
         BETWEEN 26 AND 27 KSI:    0.00 
         BETWEEN 27 AND 28 KSI:    0.00 
         BETWEEN 28 AND 29 KSI:    0.00 
         BETWEEN 29 AND 30 KSI:    3.01 
         BETWEEN 30 AND 31 KSI:    0.00 
         BETWEEN 31 AND 32 KSI:    0.00 

 … Lines were removed from this output … 



Safe-life Results 
from .out File 
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           Probability       Flights-to-Failure      Hours-to-Failure 
             0.500000             14892                  16381 
             0.100000              3295                   3624 
             0.010000              1033                   1136 
             0.001000               432                    475 
             0.000223               257                    282 
 
 
                                   Mean Results 
            Lower Bound                                   Upper Bound 
       90%      95%        99%      F-T-F Mean      90%       95%        99%  
     27983.     27843.     27575.      28703.      29423.     29563.     29831. 
 
 
            Lower Bound                                   Upper Bound 
       90%      95%        99%      H-T-F Mean      90%       95%        99%  
     30782.     30627.     30333.      31574.      32365.     32520.     32814. 
 
 
                                   Stdev Results 
            Lower Bound                                   Upper Bound 
       90%      95%        99%      F-T-F Stdev      90%       95%        99%  
     43390.     43294.     43108.      43894.      44411.     44511.     44708. 
 
 
            Lower Bound                                   Upper Bound 
       90%      95%        99%      H-T-F Stdev      90%       95%        99%  
     47729.     47624.     47419.      48284.      48853.     48963.     49179. 



PSN Region Accumulated 
Damage 
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 **** SN REGION PERCENTAGE DAMAGE  **** 
-------------------------------------------------- 
-------------------------------------------------- 
                SN REGION          TOTAL    
 
         BELOW 1 KSI:              0.00 
         BETWEEN 14 AND 15 KSI:    0.00 
         BETWEEN 15 AND 16 KSI:    8.11 
         BETWEEN 16 AND 17 KSI:    0.00 
         BETWEEN 17 AND 18 KSI:    0.00 
         BETWEEN 18 AND 19 KSI:    0.00 
         BETWEEN 19 AND 20 KSI:   44.14 
         BETWEEN 20 AND 21 KSI:    0.00 
         BETWEEN 21 AND 22 KSI:    0.00 
         BETWEEN 22 AND 23 KSI:   31.26 
         BETWEEN 23 AND 24 KSI:    0.00 
         BETWEEN 24 AND 25 KSI:    0.00 
         BETWEEN 25 AND 26 KSI:   12.39 
         BETWEEN 26 AND 27 KSI:    0.00 
         BETWEEN 27 AND 28 KSI:    0.00 
         BETWEEN 28 AND 29 KSI:    0.00 
         BETWEEN 29 AND 30 KSI:    3.01 
         BETWEEN 30 AND 31 KSI:    0.00 
         BETWEEN 31 AND 32 KSI:    0.00 
         BETWEEN 32 AND 33 KSI:    0.00 
         BETWEEN 33 AND 34 KSI:    0.00 
         BETWEEN 34 AND 35 KSI:    0.00 
         BETWEEN 35 AND 36 KSI:    0.00 
         BETWEEN 36 AND 37 KSI:    1.08 
         BETWEEN 37 AND 38 KSI:    0.00 
         BETWEEN 38 AND 39 KSI:    0.00 
         BETWEEN 39 AND 40 KSI:    0.00 
         ABOVE 40 KSI:             0.00 
 
         TOTAL STAGE PERCENTAGE  100.00 
 



27 

Summary 

ü  We Reviewed: 
ü  SMART|LD Files Overview 
ü  Safe-Life Analysis 

ü  User Loading 
ü  User SN-Curves 

ü  Ran Safe Life Example Problems: 
ü  User spectrum Single Load User SN Curve 
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Questions 


