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« FAA Roadmap for General Aviation (GA) Aging Airplanes Programs
— A guide to proactively manage the overall airworthiness of aging GA airplanes
— Prompted by series of primary component failures
— Development of data-driven risk assessment and risk management methods

« University of Texas — San Antonio (UTSA)

— Developed a comprehensive probabilistic methodology and computer software to
conduct risk assessments of GA airplanes

— Software is called SMART — SMall Aircraft Risk Technology
« SMART consists of two modules:
» SMARTILD - Linear Damage (fatigue)
» SMART|DT - Damage Tolerance (crack growth)

— Software gives Federal Aviation Administration (FAA) engineers the tools to
conduct a risk assessment of general aviation (GA) structural issues in support of
policy decisions

» Cessna awarded a contract from UTSA to evaluate SMART using real world
examples
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« Cessna Model 402C selected to evaluate SMART
— Twin engine piston
— Non-pressurized
— Seats up to 9 passengers
— Used in Part 135 Commuter
— 381 402C’s manufactured from 1979 to 1985
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« Cessna was awarded an FAA contract to apply damage tolerance methods to
the Model 402C in 1995

— New development tests, service experience and applications of current
technology in the areas of loads, stress, fatigue and fracture mechanics
were utilized to identify and establish structural inspections and
modifications

— Resulting inspection program for the Model 402C is based on 3
different usages

» Typical Usage — 6 flight profiles, 68 minute average
» Grand Canyon Usage — 2 flight profiles, 60 minutes each
» Short Flight Usage — 1 flight profile, 25 minutes
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U.S. Model 402C Fleet Annual Flight Hours
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1 Millwater H. & Ocampo, J., ‘Multiple Repair Scenarios in Aircraft Fleets Using the Weighted Branch
Integration Method’, presented at 2015 Aircraft Airworthiness and Sustainment Conference.
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* Crack Growth Methods

Master Curve

« NASGRO

» User Generated

« AFGROW

« FASTRAN
Surrogate Model
External Code

« Random Variables

EIFS
Crack Aspect Ratio*
Fracture Toughness

Paris Constant Log (c)*

Paris Constant m*
Hole Diameter*
Yield Stress®
Ultimate Stress™
Hole Offset*
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FLABAT File NASGRO Parameters

. SMART - Small Aircraft Risk Technology o] %]

File  Documentation

"Overview Fracture |Loading| Inspecﬁonl Method/Outp! n| Launch Panel]

[Method — || [ Master Curve User Parameters —Nasgro avsn Data
@ Master Curve Master Curve Toughness: [100.0 Result Frequency: |t10
INasgro Generated 3 [~ Residual Strength
(" Surrogate Model (Kriging) LS E Reference Stress for Fracture:
I LI ! S0 vI
(" External Crack Growth Code ﬂ -E_I Plot Reference Stress Ratios:
: [1.0 - |0 - |0 - |03
Load Nasgro Tt File S0 st: | s2 | s3: |
File: |T003_t5ﬂ FLABAT Browse... Reference Stress for Net Section Yielding:
Sy v
Model Type: -
[ Random Variables Nasgro Stress Quantities
Prob. Mean Standard Deviation  si: o leo
[initial Crack Size Lognormal (ux.ox) =/ [o.005 0.002 PDF/CDF
[~ s2: x [ so
[™ alc: 10 0.0 PDF/CDF - -
S3: X S0
[V Fracture Toughness: 150.0 5.85 PDF/CDF
[~ Paris Constant Log(c): -9.22 0.0 . = PDF/CDF
Orr.
[” Paris Constant m: 2.56 0.0 PDF/CDF
[~ Hole Diameter: 0.156 0.0 PDF/CDF
[~ Yield Stress: 67.0 0.0 PDF/CDF
[~ Ultimate Stress: 1220 0.0 PDF/CDF
I~ Hole Offset 05 0.0 PDF/CDF

07/10/2015-v4.0.7

Random Variables

* Random variables unique to SMART
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* Crack Growth Methods

Master Curve

« NASGRO

» User Generated

« AFGROW

« FASTRAN
Surrogate Model
External Code

« Random Variables

EIFS

Crack Aspect Ratio*
Fracture Toughness
Paris Constant Log (c)*
Paris Constant m*
Hole Diameter*

Yield Stress*

Ultimate Stress™

Hole Offset*
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Geometric Model AFGROW Parameters

. SMART - Small Aircraft Risk Technology _ o x]

File  Documentation

Overview Fracture |Loading| Inspectionl Method/Outpi I Launch Panell

[[Method || [ Master Curve User Parameters Material Properties
* IZ‘;T:: g:::ate q LI T G Tl e IW Plane Strain Fracture Toughness: W
(" Surrogate Model (Kriging) ainowModel Poisson's Ratic: oz
ISingIe Through Crack at Hole (2020) LI Upper Limit on R shift: 0.99
I LI . v Lower Limit on R shift: [W
€ Extormel Crack Grawth Codo : WW Coefficient of Thermal Expansion: IW
Load Nasgro Template File Delta K Threshold Value: Bso
File: | Browse Young's Modulus: W
Model Type: - Afgrow M: 058
[~ Random Variables Geometry Properties =———m
Prob. Mean Standard Deviation
[initial Crack Size Lognomal (ux.0x) /| [o00s [o.002 PDF/CDF Width: 146
™ alc: 10 0.0 PDF/CDF Thickness:  |0.032
[ Fracture Toughness: IW ,r PDF/CDF [~ Crack Size Limit:
[~ Paris Constant Log(c): -9.220 0.0 o [IO— PDF/CDF !
™ Paris Constant m: 2557 0.0 PDF/CDF Output Interve
™ Hole Diameter: W ,OO— PDF/CDF Crack Growth:  |0.0007
I” Yield Stress: 7o Joo PDF/CDF
[~ Ultimate Stress: 1220 0.0 PDF/CDF
I~ Hole Offset 05 0.0 PDF/CDF
07/10/2015-V4.0.7

Random Variables Geometry

* Random variables unique to SMART
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* Crack Growth Methods

Master Curve

« NASGRO

» User Generated

« AFGROW

« FASTRAN
Surrogate Model
External Code

« Random Variables

EIFS
Crack Aspect Ratio*
Fracture Toughness

Paris Constant Log (c)*

Paris Constant m*
Hole Diameter*
Yield Stress*
Ultimate Stress*
Hole Offset*

Kriging Parameters

File  Documentation

"Overview Fracture ILoadingl Inspecﬁonl Method/Outp:

[ Method
" Master Curve
| 7
® Surrogate Model (Kriging)
|Nasgro Generated L]

(" External Crack Growth Code

. SMART - Small Aircraft Risk Technology

[ Kriging Wser Parameters
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NASGRO Parameters

=100

Max. Tolerance Error: |03

S0
Initial Training Points: |8.0

[ Load Nasgro Template File

" Nasgro avsn Data
Result Frequency: |t100

I Residual Strength

v

Reference Stress for Fracture:

Reference Stress Ratios:
S0: |10 S1: |0 S2: |0 S3: |0.67

Reference Stress for Net Section Yielding:

File: |C:\Users\Desklop\SMART\Kriging\Kriging_beam_pmblems Browse...
| Model Type: 1 :Iv
~ Random Variables [ Nasgro Stress Quantities

Prob. Mean Standard Deviation s < I so
|Initia| Crack Size Lognormal (x.0x) ;] o.005 Jo.002 PDF/CDF s < so
[~ alc: [o Jo1i PDF/CDF — e
[V Fracture Toughness: 100.0 50 PDF/CDF ‘

[ Paris Constant Log(c): -9.21976 0.02 PDF/CDF

Corr: |09

[ Paris Constant m: [oss672 Jo2 PDF/CDF

[¥" Hole Diameter: [o1s625 = [ooos PDF/CDF

[ Yield Stress: 70 o PDF/CDF

[v Ultimate Stress: IW ,50— PDF/CDF

I Hole Offset 05 0.1 PDF/CDF

i|07/10/2015-v4.0.7

Random Variables

* Random variables unique to SMART
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« Spectrum Generation EVD

* Two Methods
° U ser D efi n ed i n B SMART - Small Aircraft Risk Technology Jo ] JE59 |
File  Documentation
AFG ROW Fo rm at 'Overviewl Fracture Loading ]Inspecﬁo-l Melhod/Outputl Launch Panell
+ AC23-13ADerived | i 75 T
H H H T v [~ Rainflow
" Limit/Ul Load
« Extreme Value Distribution S o
. (" Fitting from Loading Parameters Plot C Stresses Only
® EVD D ire Ct pectamFleType C s and Flights
. . 5 C B [~ Rise/Fall
« Limit/Ultimate Load | = e
rgyqn . Load Usages: [~ Usage Spectra
b F |tt| n g fI’O m Loa d 1 g Aircraft Usage: | TWIN_ENGINE_UNPRESS_GENERAL_USAGE =l Plot Exceadances
Fraction of Total Usage: Iwi [~ Exceedance COV I

Pa ra m ete rS Design Maneuver LF High: ,36—
Design Gust LF High: |435_ One G Stress (psi): IW
S p e Ct ru m —_—) Design Maneuver LF Low: |’1 44 Average Velocity (Vno/Vmo(Knots)): |183.0
Design Gust LF Low: fos— Number of Flight Times: P
Ground Stress (psi): [ro000 Number of Velocities: [
[~ Load Matrices Matrix |

Browse... | Save Usage |

File: |

Edit Usages

07/10/2015-V4.0.7
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* Inspection Definition Inspection Type

- Single Repair Inspection Schedule

+ Muttiple Repairs* p
. 'Overview| Fracture' LoadlRg Inspection Method/Outputl Launch Panel
* InspeCtlon Type @ Single Repair ( Multiple Repairs -
. . e B Inspection Schedul
» Probability of Inspection — — §
I . » |Inspection 1 5000 Inspection 1 -
» Probability of Detection - I o [mpecion -
 Lognormal 3000 Jiapasion -
.. . 10000 Inspection 1 |
b Dete rm I n IStIC 11000 Inspection 1 j
12000 Inspection 1 e
* Tabular (user input) oy foeon =
° Repa“’ Crack S|Ze _;’;obabilityoflnspection
° Same as |n|t|a| _ProbabilityofDetect’i:n _
° DetermInIStIC [Lognormal | [o.15 0.03 CDF
Repair Crack Size
* Lognormal
[same As nitial | [0.005 [0.002 PDF/CD)
« Weibull ¥
e Tabular (user |nput) 07/10/2015V4.0.7

Inspection Criteria

* Capability unique to SMART
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* Two Analysis Methods
« Monte Carlo
) N u merical I nteg ration . SMART - Smarll f\i'jf"aft Risk Technology

Monte Carlo

Numerical Integration
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Inboard and Outboard
Engine Beams

Angles installed
under engine mount

=)
Engine Beam
Engine Beam — 301 Y4 Hard Steel
Internal Tee — 2024-T3511 | ?

view B-B
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* In 1985, cracks in the fore and aft direction were found
— Doublers installed under engine mount Cracks
— Aft engine mount redesigned

--.- - - ——— — — —— — ————— —— — —— - — - =

AT,
\/ﬂ+++++,4'/

AV
Added Doublers Aft Mount

Added Fittings
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« February 2015 - Engine Beam Cracks Under Forward and Aft Engine Mounts

RH Outboard Beam RH Inboard Beam
Fwd of Aft Engine Mt Aft of Fwd Engine Mt
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* Analysis conducted at 6 locations on the engine beam
» Analysis conducted for:
* Engine beam hat section (All Locations)
* Inner tee and inner tee with hat section failed (Locations 1 & 2)
» Spectra developed for three usages:
» Typical
« Grand Canyon (GC)
« Short

—. Inner Tee

=r

fffHatSecﬁon




SMART|DT Analysis

* Analysis Assumptions
« AFGROW
Two Spectra
 Cessna
« AC23-13
Probabilistic Variables
« EIFS
« EVD
* Limit Load
Grand Canyon Mission
No Inspections

Single Flight Probability of Failure (SFPOF)
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* Analysis Assumptions
« AFGROW

° 1.00E+00 = -
Cessna Spectrum / /’ /

* Probabilistic Variables 10001

« EIFS 1.00E-02 [ / /
v | .
« Limit Load o |

* Four Missions
« Grand Canyon

1.00E-04 / /
1.00E-05 / /
1.00E-06 /

Single Flight Probability of Failure (SFPOF)

« Short
+ GC & Short /
. 1.00€-07 '
 Typical / —
* No Inspections 1.00€-08 i 8 short

1.00E-09 / —Grand Canyon |
| | l / —Typical
1.00E-10 |

0 X 2x 3x 4x 5x 6x 7x 8x
Flight Hours
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* Analysis Assumptions

« AFGROW
« Cessha Spectrum A BE
» Probabilistic Variables
1.00E-01
 EIFS
EVD 'g 1.00E-02
 Limit Load g Y
« GC & Short Mission & 100c0¢
(o]
+ With Inspections £ 1o0e05
* .10x E 1.00E-06
o .15x £
%D 1.00E-07 -
o .20x v
;% 1.00E-08
1.00E-09
1.00E-10
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——GC & Short (.10x Insp)
= ——GC& Short (.15x insp)

——GC & Short (.20x insp)
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* Analysis Assumptions

NASGRO - Kriging
AC23-13 Spectrum
Probabilistic Variables

« EIFS

« da/dN

« Edge Distance
EVD

* Limit Load
Grand Canyon Mission
No Inspections

Single Flight Probability of Failure (SFPOF)

1.00E+00

1.00E-01

1.00E-02

1.00E-03

1.00E-04

1.00E-05

1.00E-06

1.00E-07

1.00E-08 -
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Sy 6y 7y
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* Analysis Assumptions
* NASGRO - Kriging

 AC23-13 Spectrum LOOE00
* Probabilistic Variables —GC (No Insp)
. EIFS 1.00E-01
d /dN —GC(.04x insp)
a § 1.00E-02
« Edge Distance s
e EVD %3; 1.00E-03
» Fitting From Loading3
Parameters g
« Grand Canyon Mission § —
- With Inspections T
e 04x ,?_:" 1.00E-06
1.00E-07
1.00E-08
0 X 2% 3x

Flight Hours
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« SMART|DT is a powerful tool that allows user to tune analysis based on
available information

« Suggested future enhancements
» Build in 2 or 3 frequently used K solutions
 Incorporate libraries of random variables
» Reduce the computational time
* Implement advanced sampling methods
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