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Inspection Capabilities
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Feature Possible Values Notes

Inspection times
User-defined list of flight 
times & inspection types

Each inspection 
becomes a separate 

“branch” in the analysis

For each inspection type:

Probability of Inspection
(POI) Range [0-1]

Weighted sum of POF w 
and w/o inspection

POD

Deterministic
Lognormal

Tabular
Monotonic function 

between 0 & 1

Repair Crack Size

Deterministic
Lognormal

Weibull
Tabular (CDF)

“Perfect”
Independent of initial 

crack size

Perfect repair assumes all repaired cracks will never cause failure
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Inspection Process

1) The crack size is passed to a POD curve which 
provides the probability of detecting that crack. A 
random number is used to decide if the crack is 
detected or not.

2) If detected, the crack is removed from the 
population and replaced with a crack from the 
“repair” crack size distribution.

3) The risk of all “replaced” cracks is then computed 
using a new “branch” and added back to the main 
branch. 

POD

Repair Crack 

Size
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POD (Probability of Detection)
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How the POD Works

Typical industry standard for deterministic 
DTA is to use 90% value of POD

Inspection at 
42,000 Flights

Crack Size = 0.09 in.

Crack Growth Curve
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POD = 35%

0.09 in.

POD = 90%

0.13 in.

POD Curve

The crack will be detected and repaired in 35% of simulations
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Probability of Inspection
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Crack Size
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Repair Crack Size

Repair Crack 
Size

Initial Crack 
Size Deterministic

Lognormal

Weibull

Tabular 

options in 

Smart|DT

Initial Crack 

Size

Repair 

Crack Size
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Post Repair POF

 Treat inspections as multiple “branches” where each branch 
represents a repair scenario. 

Flights

Cracks detected and 
removed

Cracks detected and 
removed

Risk due to repaired cracks 
from both branches

(new analysis)

3

Risk reduced after detected 
cracks removed

1

Risk due to repaired cracks
(new analysis)

2 Risk = weighted sum 
of 1 & 2

Risk = weighted sum 
of 1 & 2 & 3

Insp. 1 Insp. 2

P
O

F
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Main branch – no insp

Repair 1

Job.dat file -

Inspection information
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Optimized Risk Inspections
(upcoming Fall 2022)

Inspection Type Sensitivity Cost

Automated bolt hole 
eddy current

50x

Eddy current sliding 
probe

10x

Visual 1x

Visual 10000

Automated bolt hole eddy 
current

12000

Visual 16000

Eddy current sliding probe 17000

Eddy current sliding probe 20000

Results: Lowest inspection cost w risk < 1E-7

Risk Limit

Wednesday
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Summary

• Inspection and repair can be simulated at any number of flights. 

• The POD can be deterministic, lognormal, or tabular.

• Library of PODs: eddy current, FPI, MOI, ultrasonic, visual, x-ray available in GUI.

• Arbitrary repair crack size (deterministic, lognormal, Weibull, & tabular options).

• The probability is computed as a series of independent “branches”.

• Optimized inspection schedule capabilities upcoming
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Questions
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Supplemental Material

Example Problems: 
see Inspection_Examples_Files folder
- (noinsp, 1insp, 2insp).smdt

The master curve file is also available if you 
want to build your own analysis (it is already 
embedded within the smdt files).
- mastercurve.avsn
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SMART|DT Inspection Material

Example Initial Crack Size Fracture Toughness
Extreme Value 

Distribution Inspection

noinsp.smdt Lognormal Normal Gumbel None

1insp.smdt Lognormal Normal Gumbel Det. = 0.05

2insp.smdt Lognormal Normal Gumbel Prob. 
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Baseline Problem

User-defined Master Curve

15

σEVD

a
Kc

Variable Statistics

Initial Crack size Probabilistic Database

Fracture toughness Probabilistic Database

EVD Gumbel (μ=15.3,σ=1.30)
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Analysis Tab
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Crack Size & 
Residual Strength
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Material Selection

Aluminum -> 7075 Series -> 7075-T73511 -> Extrusion L
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Geometry Selection

Military Transport -> Wing -> Rivet Holes in C130
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Loading
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No Insp. for Baseline



22

noinsp Results
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a

Kc

POD

Problem Definition
One Deterministic Inspection

σEVD

Variable Statistics

Initial Crack size Probabilistic Database

Fracture toughness Probabilistic Database

EVD Gumbel (μ=15.3,σ=1.30)

Inspection 16000 flights

POD Deterministic = 0.05

Repair crack size Same as initial

POI 1.0

All cracks ≥ 0.05 

will be detected.
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Adding an Inspection Preset
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Adding an Inspection Preset
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Adding an Inspection 
Time/Schedule
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Adding an Inspection 
Time/Schedule

“Multiple” can be 
selected
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Inspection Tab
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Run Tab
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1insp Results

39.05% cracks 

detected
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a

Kc

POD1

Problem Definition
Two Inspections

σEVD

Variable Statistics

Initial Crack size Probabilistic Database

Fracture toughness Probabilistic Database

EVD Gumbel (μ=15.3,σ=1.30)

Inspection 1 16,000 flights

POD 1 Deterministic = 0.05

Repair crack size 1 Same as initial

POI 1 1.0

Inspection 2 26,000 flights

POD 2 Probabilistic Database

POI 2 1.0

Repair crack size 2 Same as initial

POD2
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Adding Another 
Inspection Preset
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Eddy Current Preset

Aluminum -> Manual Bolt Hole Eddy Current -> Bolt Hole -> Manual Bolt Hole Eddy Current 

POI = 1.0

RCS = Same as Initial
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Inspection Schedule
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Run
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2insp Results

39.05% 

cracks 

detected

62.55% 

cracks 

detected


