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* Uncertainties

Material/
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* Uncertainties

Initial and detectable size Quality Control

Crack is always there l
Most NDI Method has resolution of G
0.05 inch or worse
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* Uncertainties

Small change in detectable crack
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* Uncertainties

Usually, curve shape not a factor

(1-P1)(1-P’5)(1-Ps)
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* Uncertainties N D I

Good Access

Crack Size:
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* Uncertainties N D I

Difficult Access

Crack Size:
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* Uncertainties

Crack Growth Curve

Load Spectra Survey + Past use to predict future

ai

\ AK Regime Time / cycles / flights

[
»

©
©
(]
-—
@©
14
e
o)
=
e
O
X
O
Q)
—
@)

" [ Threshold. AK,,

(sensitive to mean stress)/

Stress Intensity Range AK




- Comando-Geral de Tecnologia Aeroespacial
Instituto de Aeronautica e Espaco

* Uncertainties Uncertainties in the CGC

One simple example

decreaseof 33% «

crack size (in)
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e Use of Monte Carlo Simulation — With
option for Latin Hypercube

1. Initial crack is distributed between the intrinsic flaw
defect and the minimum detectable size;

2. All parameters have uncertainties represented by
their distribution. Crack growth curve may be pre-
analyzed and growth rate summarized with just
one (normal) distribution;

3. Probability of detection considered cumulative.
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Basic process




-\ Comando-Geral de Tecnologia Aeroespacial
Instituto de Aeronautica e Espaco

* Methodology
Overall Process

analysis

> ai . i POD

" Flighthours p1 p2  p3,
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Expected Distribution in the H vs

level

Structu
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* Methodology
Example of NDE interval characterization
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* Results
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* Results

Best available data gives:
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Extremelly improbable 109
Extremelly remote 107
Remote 10-°

Probable 10-3
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* Results
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* Results

. Reliability Curve...
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* Results

| Reliability Curve...
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e Summary

* |nitial crack size and crack growth curve
considered to have scatter

* POD was considered be a function of the NDI
method, accessibility and crack size

 Monte Carlo simulation is used to obtain the
inspection Interval, given a desired safety and
confidence level

* It is necessary to run the program several times
and refine the search according to the aimed
reliability
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