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S obname . dat Input file containing the keywords and run

information
jobname.err Runtime error file
jobname.wrn Runtime warning file

File containing a summary of the inputs and
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Input
output 4




‘(‘
= | oading Generation

TEXTRON )\VIATION
Internal library Probabilistic (joint PDF, user defined) Probabilistic
(Possibility of user | il A o
: Sooq. “A A\ frtehet
input) *4 CEEEE
Y ;\\l |

SR YA N 7 e e T |

t Vi 1qgi >

- i i
Flight Flight Ground One-g s
L Leng Veiocltv Stress Stress nk
| v ] ]
Load One-g and

Limit

n Flights




«  Hours Methodology

Sustainment
Solutions

T\)\VIATION C u r re n t- F utu re Ri S k

Aerobatic - High 1g Stress - All Stages A S

RErr—— Damage Index
:7.7 j ‘JN;.',,",-,,:" ! ' vt":'-v' "“;vj""“ ! o 3 '"'.:"
5000 i H1% & ‘f-:-nwf"‘M':M'TE‘::_' ‘;‘:. A_“,‘ T Al i “‘:.‘g..‘ User Fly
ol i e e [ Hours
' l

— z eurrent = e

»
>

urrent —
previous + 1/Nﬂ

(S1, Sz)ij N¢ N l

i Cycle from Spectrum j

T Flying Hours <
Yes Next Cycle User Fly Hours | vgg

d, < d,

No, Next MC
Count failure

Damage Accumulation No, Next MC

' }




— Nusé(’* "
== POF Calculations

N\
TEXTRON AVIATION

PDF

Damage
Index

Simulated
Damage

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

Damage

1.8




)
Nuss” :

mem "5 Stress Life Curves h
TEXTRON AVIATION Risk Methodolo . .

/" FAAAC23-13A  \( ASTM E739-91 & Polynomial )
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! LOG(N) = A + B * LOG (Seq + C) + Z*Stdev Cycles—to-Failure

! Seq = Smax*(1-R)"D

! E = Endurance limit

! Z ~ N(O,1)

*%% SN PARAMETERS **+* ) LY’ | ¢

Aol Testing WICHITA STATE

B = -5.4083

c=0.0 . Data UNIVERSITY

»-00  User-defined PSN

E = 0.0

Stdev = 0.5 } \ /
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Characteristics

Usage 1 TWIN ENGINE UNPRESS GENERAL USAGE
Design LLF Maneuver +3.6 -1.5
Design LLF Gust +3.3 -1.5
Ground Stress -4300
One-g stress 7850
Average Velocity (Vno/ 175
Vmo(Knots)
Average Speed During
) Flight, %Vno or %Vmo
Fl|ght Iength and Flt. Time, | Percentage iQO 1.00
A . Hrs of Flights. ' '
VE|OCIty Matrix 1.00 o.s;got 0.40 0.60
1.50 0.50 0.60 0.40
Weight Percentage
1 Flt. Time, | Percentage
FllghF length z?nd C omig:]ti 0.90 1.00
Weight Matrix 1.00 0.50 0.40 0.60
1.50 0.50 0.60 0.40
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Characteristics

Usage 1 User Defined
Design LLF Maneuver +3.1-1.6
Design LLF Gust +3.2-1.5
Ground Stress -4800
One-g stress 8100
Average Velocity (Vno/ 175
Vmo(Knots)
Av_erage Speed During
F||9ht |en9th and FIt. Time, | Percentage FHER /OI,Z(;OF roe
Velocity Matrix Hrs | of Flights. '
1.00 1.00 1.00
F“ght Iength and Flt. Time, | Percentage Wit Fercentage
We|ght Matrix Hrs of Flights. 1.00
1.00 1.00 1.00
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Characteristics

Miner’ s Rule Damage Normal 1.0 (u) 0.1(0)
Factor
MCSAMP 1,000
SEED 8520
S-N Curve AC23
Analysis Type/ Print POF HOURS (9,000 Hours) / (3,000 Hours)

Every
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(Select SMART|LD)

-
|«@ SMART - Small Aircraft Risk Technology

Welcome

File  Documentation

Welcome to SMART

SMART,

SMall Aircraft Risk Technology - Linear Damage

SMART,;

SMall Aircraft Risk Technology - Damage Tolerance Analysis

07/10/2015-v4.0.7
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Begin Tab

File Documentation

Begin | Usage Spectra

Aircraft Make: None
Aircraft Model: None

Aircraft Serial No..  None

Aircraft TCDS: None

[] Use Previous Run

Browse...

Description:

Name: Example2

Miner's Rule Damage Factor

Mean: 1.0

Std. Dev: 0.1

SN Curve AC23

v

Browse...
Analysis Type HOURS v

Total Hours: 9000
PrintInterval: 3000
No. Simulations: 1000
Seed: 8520

Stress Severity Factor Calculation

User Input PSN Curves

m

Direct Input

12/23/2014-V3.1 Workshop
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(Usage Spectra Tab

File Documentation

- Usage Spectra

[7] Load Spectrum:

Browse... ansfer Fact 1.0

Load Usages: Usage Spectra
TEUG Aircraft Usage
USER

TWIN_ENGINE_UNPRESS_GENERAL_USAGE w7 ]

Plot Exceedances

Percent of Total Usage:

[] Flight Variation

Design Maneuver Load Factor High: 3.6

File: |C:\Program Files (x86)\SMART\Example files\exceedances\User_exced.exc

05 [] Exceedance COV 120

One G Stress (psi): 7850

Design Gust Load Factor High: 33 Average Velocity (Vno/Vmo(Knots)): 175
Design Maneuver Load FactorLow: 15 Number of Flight Times: 2
Design Gust Load Factor Low: -15 Number of Velocities: 2
Ground Stress (psi): -4300

[7] Load Matrices

Browse...

Deleted Usages

12/23/2014-V3.1 Workshop

Flight Times vs. Velocity
Fit Time(hrs) % ofFlts.

1.0 05

15 05

Flight Times vs. Weight
Fit Time(hrs) % ofFlts.

1.0 05
15 05

%Vno or %Vmo %Vno or %Vmo

0.0
04

06

“%Max. Wt.

09
04

06

1.0
06

04

“%Max. Wt.

10
06

04

15



st LD Example 1

Sustainment

Solutions

TWEXTRO\)\VIATION (Usage SpeCtra Tab)

| SMART - Small Aircraft Risk Technology = =S

File  Documentation

Usage Spectra

[ 1 nad Snectaim: D 10

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 4.89089e-01 12 -0.10 5.23163e-01 12 0.10 7.33909e-02 12 -0.10 9.43311e-02 12
0.15 1.02496e-01 12 -0.15 1.42205e-01 12 0.15 3.10201e-02 12 -0.15 2.52461le-02 12
0.20 2.92114e-02 12 -0.20 2.58887e-02 12 0.20 1.24950e-02 12 -0.20 7.01403e-03 12
0.25 6.42846e-03 12 -0.25 5.78260e-03 12 0.25 5.78913e-03 12 -0.25 2.39671e-03 12
0.30 1.72636e-03 12 -0.30 1.47005e-03 12 0.30 2.88616e-03 12 -0.30 8.10359e-04 12
0.35 5.29138e-04 12 -0.35 4.02850e-04 12 0.35 1.49257e-03 12 -0.35 2.59770e-04 12
0.40 1.75933e-04 12 -0.40 1.15839e-04 12 0.40 7.81164e-04 12 -0.40 7.83959e-05 12
0.45 6.17108e-05 12 -0.45 3.43822e-05 12 0.45 4.08616e-04 12 -0.45 2.25858e-05 12
0.50 2.22439e-05 12 -0.50 1.04158e-05 12 0.50 2.13868e-04 12 -0.50 6.35568e-06 12
0.55 8.13099e-06 12 -0.55 3.18763e-06 12 0.55 1.11666e-04 12 -0.55 1.78592e-06 12
0.60 8.13099e-06 12 -0.60 9.77026e-07 12 0.60 5.77180e-05 12 -0.60 4.99339e-07 12
0.65 1.08834e-06 12 -0.65 2.99611e-07 12 0.65 2.96562e-05 12 -0.65 1.39008e-07 12
0.70 3.97802e-07 12 -0.70 9.18643e-08 12 0.70 1.52687e-05 12 -0.70 3.86933e-08 12
0.75 1.45412e-07 12 -0.75 2.81719e-08 12 0.75 7.86651e-06 12 -0.75 1.07704e-08 12
0.80 5.31542e-08 12 -0.80 8.63825e-09 12 0.80 4.04972e-06 12 -0.80 2.99796e-09 12
0.85 1.94290e-08 12 -0.85 2.64897e-09 12 0.85 2.07852e-06 12 -0.85 8.34490e-10 12
0.90 7.10186e-09 12 -0.90 8.12323e-10 12 0.90 1.06846e-06 12 -0.90 2.32282e-10 12
0.95 2.59604e-09 12 -0.95 2.49104e-10 12 0.95 5.48253e-07 12 -0.95 6.46564e-11 12
1.00 1.57931e-09 12 -1.00 1.16195e-10 12 1.00 6.23090e-07 12 -1.00 2.61517e-11 12

DEETET Usaues

07/10/2015-V4.0.7
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l«# SMART - Small Aircraft Risk Technolog : =]
o

File Documentation

Begin | Usage Spectra| Launch Panel

| -
! LOADING PARAMETERS

!
NUMBER_OF_USAGES =2

USAGE = TWIN_ENGINE_UNPRESS_GENERAL_USAGE 0.5

LLF_MAN=36-15

LLF_GUST=33-15

GROUND_STRESS =-4300

ONEg_STRESS = 7850

AC_VEL=175 ]
FLT_VEL_MATRIX =
0901.0

1015
10050406
15050604
WEIGHT_MATRIX =
0910

1.015

10050406 W
15050604

USAGE = USER_DEFINED 0.5

EXC_FILE_LOC = C:\Program Files (x86)\SMART\Example files\exceedances\User_exced.exc

LLF_MAN=3.1-16

LLF_GUST=3.2-15

111

4 b

12/23/2014-V3.1 Workshop
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Example 2
(.dat file)

TITLE = Example2
AC_MAKE = None

AC MODEL = None
AC_SERIAL NUM = None
AC TCDS = None

SN_CURVE = AC23
MINERS D = NORMAL 1.0 0.1 0.0

MCSAMP = 1000

SEED = 8520

INPUT_FILE = NO

ANALYSIS TYPE = HOURS 9000
PRINT POF EVERY = 3000

NUMBER_OF USAGES = 2

USAGE = TWIN ENGINE UNPRESS GENERAL USAGE 0.5
LLF MAN = 3.6 -1.5

LLF_GUST = 3.3 -1.5

GROUND_STRESS = -4300

ONEg STRESS = 7850

AC_VEL = 175

FLT VEL MATRIX =

0.90 1.0

.4 0.
. .6 0.
GHT MATRIX

o e
o o
(GG
o o
ENON

=
o o wHUOoOo

E

== o
o P

0.4 0.6

1.5 0.5 0.6 0.4

USAGE = USER_DEFINED 0.5
EXC_FILE_LOC = User_exced.exc
LLF MAN = 3.1 -1.6

LLF_GUST = 3.2 -1.5
GROUND_STRESS = -4800

ONEg STRESS = 8100

AC_VEL = 175

FLT VEL MATRIX =

1.0

1.0

1.0 1.0 1.0
WEIGHT MATRIX =
1.0

1.0

1.0 1.0 1.0

FLT VARIATION = NO

0
.5
5
5
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Results Tab

Maneouver Factor Ground Stress
One-g Stress PSN

AJC Velocity
Flight Duration

Damage Coefficient

Sink Rate Gust Factor

B Pearson Coeficients

- — — —
|=# SMART - Small Aircraft Risk Technology
File  Documentation
Results
Load Output File: C:\Users\pze593\Desktop!\B kProblems\E je2_LD\E je2_LD.txt Load Output
Pareto
[Damage No Hours v |« Pareto
1
05
0.25
l Sampls] Output lScreen out B
DAMAGE Results 0257
Lower Bound Upper Bound 05
99% 95% 90% Damage Mean 90% 95% 99%
0.37632 0.38043 0.38259 0.39363 0.40468 0.40683 0.41094 -0.75
-1
Damage Stdev
Lower Bound Upper Bound
99% 95% 90% Damage Stdev 90% 95% 99%
0.20132 0.20402 0.20543 0.21296 0.22112 0.22273 0.22593
3
POF (P[Dc>Dm]) Results
Lower Bound Upper Bound
99% 95% 90% Damage POF 90% 95% 99%
0.02559 0.02568 0.02574 0.02600 0.02626 0.02632 0.02641
< | n J 3

07/10/2015-v4.0.7
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ummary
.out File

Lines were removed from this output

***SMART RESULTS***

Probability Damage_for_ Number_ of Hours
0.500000 0.34686
0.100000 0.21733
0.010000 0.15279
0.001000 0.10424
0.000223  —-=-----

DAMAGE Results
Lower Bound
99% 95% 90%
0.37632 0.38043 0.38259

Damage Mean 90%
0.39363 0.40468

Damage Stdev
Lower Bound
99% 95% 90%
0.20132 0.20402 0.20543

Damage Stdev 90%
0.21296 0.22112

POF (P[Dc>Dm]) Results
Lower Bound

Upper Bound
95% 99%
0.40683 0.41094

Upper Bound
95% 99%
0.22273 0.22593

Upper Bound

99% 95% 90% Damage POF 90% 95% 99%

0.02559 0.02568 0.02574 0.02600 0.02626 0.02632 0.02641
Hours Range Results
Lower Bound Upper Bound

No Hours Damage Mean 90% 95% 99% POF 90% 95% 99%

3000.0 0.1312 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

6000.0 0.2624 0.00587 0.00585 0.00580 0.00600 0.00613 0.00615 0.00620

9000.0 0.3936 0.02574 0.02568 0.02559 0.02600 0.02626 0.02632 0.02641

*%*%% PEARSON CORRELATIONS **%*%*
Flight aA/C Sink Damage Gust Man One-g Ground PSN
Duration Velocity Rate Coefficient Factor Factor Stress Stress
Damage -0.12359 0.17922 0.02317 0.02814 0.80557 0.11155 0.26215 -0.24456 0.00000

Summary Results per Usage
Usage = TWIN_ENGINE_UNPRESS_ GENERAL_ USAGE

Mean Accumulated Damage = 0.3480874
Usage = USER_DEFINED

Mean Accumulated Damage = 0.4391734
Total cpu time = 0.2652017 secs

Lines were removed from this output

20
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from .out File

Probability

0.500000
.100000
.010000
.001000

0
0
0
0.000223

Lower Bound
99% 95%
0.37632 0.38043

Lower Bound
99% 95%
0.20132 0.20402

Lower Bound
99% 95%
0.02559 0.02568

***SMART RESULTS***

Damage for Number of Hours
© 0.34686
0.21733
0.15279
0.10424

DAMAGE Results
Upper Bound
90% Damage Mean 90% 95% 99%
0.38259 0.39363 0.40468 0.40683 0.41094

Damage Stdev
Upper Bound
90% Damage Stdev 90% 95% 99%
0.20543 0.21296 0.22112 0.22273 0.22593

POF (P[Dc>Dm]) Results
Upper Bound
90% Damage POF 90% 95% 99%
0.02574 0.02600 0.02626 0.02632 0.02641

Summary Results per Usage
Usage = TWIN_ENGINE UNPRESS GENERAL USAGE

Mean Accumulated Damage = 0.3480874
Usage = USER DEFINED
Mean Accumulated Damage = 0.4391734
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**%% PEARSON CORRELATIONS ****

Flight A/C Sink Damage Gust Man One-g Ground PSN
Duration Velocity Rate Coefficient Factor Factor Stress Stress
Damage -0.12359 0.17922 0.02317 0.02814 0.80557 0.11155 0.26215 -0.24456 0.00000

—

| -
|+ Scatter Plot - l et |+ Scatter Plot - l )
8 Sink Rate Vs Damage No Hours 4 GustFactor Vs Damage No

Sink Rate
-
Gust Factor

10 15 20 25 I 0 05 10 15 20 25

Damage No Hours Damage No Hours

22



=2 s> PSN Region Accumulated

Sustainment
Solutions

TEXTRON\)\VIATION Da m a e

SN REGION TOTAL  GUST MAN. TAXI Land&Reb. GAG
BELOW 1 KSI: 0.00 0.00 0.00 0.00 0.00 0.00

BETWEEN 1 AND 2 KSI: 0.00 0.00 0.00 0.00 0.00 0.00

BETWEEN 2 AND 3 KSI: 0.01 0.00 0.00 0.00 0.01 0.00

BETWEEN 3 AND 4 KSI: 0.03 0.00 0.00 0.00 0.03 0.00

BETWEEN 4 AND 5 KSI: 0.08 0.00 0.00 0.00 0.08 0.00

BETWEEN 5 AND 6 KSI: 0.37 0.00 0.00 0.00 0.37 0.00 8 Pie Chart - [

BETWEEN 6 AND 7 KSI: 0.00 0.00 0.00 0.00 0.00 0.00 N
BETWEEN 7 AND 8 KSI: 0.00 0.00 0.00 0.00 0.00 0.00 iy ey
BETWEEN 8 AND 9 KSI: 0.00 0.00 0.00 0.00 0.00 0.00 e zm e
BETWEEN 9 AND 10 KSI: 3.59 3.48 0.12 0.00 0.00 0.00

BETWEEN 10 AND 11 KSI: 15.07 13.35 1.71 0.00 0.00 0.00

BETWEEN 11 AND 12 KSI: 14.28 12.47 1.47 0.00 0.00 0.33

BETWEEN 12 AND 13 KSI: 27.02 13.39 1.12 0.00 0.00 12.50

BETWEEN 13 AND 14 KSI: 21.05 9.65 0.65 0.00 0.00 10.74

BETWEEN 14 AND 15 KSI: 6.25 4.24 0.54 0.00 0.00 1.48

BETWEEN 15 AND 16 KSI: 3.48 2.99 0.33 0.00 0.00 0.16

BETWEEN 16 AND 17 KSI: 2.87 2.64 0.23 0.00 0.00 0.00

BETWEEN 17 AND 18 KSI: 2.00 1.82 0.17 0.00 0.00 0.00

BETWEEN 18 AND 19 KSI: 1.20 1.10 0.11 0.00 0.00 0.00

BETWEEN 19 AND 20 KSI: 0.91 0.83 0.08 0.00 0.00 0.00

BETWEEN 20 AND 21 KSI: 0.67 0.61 0.05 0.00 0.00 0.00

BETWEEN 21 AND 22 KSI: 0.40 0.37 0.03 0.00 0.00 0.00

BETWEEN 22 AND 23 KSI: 0.27 0.25 0.02 0.00 0.00 0.00

BETWEEN 23 AND 24 KSI: 0.27 0.26 0.01 0.00 0.00 0.00 !

BETWEEN 24 AND 25 KSI: 0.11 0.11 0.01 0.00 0.00 0.00 =
BETWEEN 25 AND 26 KSI: 0.08 0.07 0.01 0.00 0.00 0.00

BETWEEN 26 AND 27 KSI: 0.00 0.00 0.00 0.00 0.00 0.00

ABOVE 40 KSI: 0.00 0.00 0.00 0.00 0.00 0.00

TOTAL STAGE PERCENTAGE 100.00 67.62 6.67 0.00 0.48 25.22

23



o Summary

B AS
TEXTRON AVIATION

v We Reviewed:
v" SMART|LD Files Overview
v Hours Mode Analysis
+ Required Elements Hours Mode Analysis

v" Loading
v' SN-Curves
v' Random Miner’s D
v’ Total Flight Hours

v" Ran Example Problem
~ Input File
v GUI Inputs
~ Output Files

v" MonteCarlo Samples

v/ Statistical Results

v Hz Function Quick Look

v" SN Region Percentage Damage
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